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VI.  PREFACE. 

its  ranks,  and  the  guarantee  for  the  fitness  of  its  members.'* 
I  thoroughly  concur  in  this  view,  and  hope  that  the  time  is 
not  isLT  distant  when  pupils  in  Sanitary  Engineering  will  be  able 
to  present  themselves  for  examination  before  a  competent  Board 
of  Examiners  authorized  to  grant  diplomas  of  proficiency.  At 
present  no  such  capability  exists,  and  the  public  are  without  any 
guarantee  that  local  engineers  and  surveyors  are  able  to  appreciate 
the  requirements  of  medical  science,  and  to  take  advantage  of 
those  physical  conditions,  geological  and  meteorological,  which,  in 
every  locality,  govern  largely  the  character  of  both  Air  and  Water. 
It  will  afEord  me  the  greatest  satisfaction  if  in  the  following 
pages  I  have  made  it  manifest  that  an  Engineer  should  be  a 
student  in  those  branches  of  Science  which  bear  upon  Health 
before,  in  the  exercise  t>f  his  profession,  he  ventures  to  deal  with 
these  subtle  elements. 

J.  BAILEY  DENTON. 

22,  Whitehall  Place,  London, 
OhrUtnws,  1876. 
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DIVISION   I, 


AIR. 


I. — Constituents  op  Normal  Air.  Air  in  its  normal  condition 
consists  of  abont  four-fifths,  by  volume,  of  nitrogen,*  and  one-fiflb 
of  oxygen, t  mixed  with  a  very  small  proportion  of  carbonic  acid.]; 
Speaking  more  precisely,  I  should  state  that  it  has  been  ascertained 
by  the  valuable  researches  of  Dr.  Angus  Smith  that  very  pure  air 
contains  not  less  than  20*99  per  cent,  of  oxygen,  and  not  more  than 
*03  of  carbonic  acid. 

II. — Attainable  Standard  of  Air.  According  to  the  same 
authority  a  favorable,  though  not  the  purest,  specimen  of  air  may 
be  taken  to  contain  by  "^eight,  of  oxygen  20*96,  of  nitrogen  79*00, 
and  of  carbonic  acid  '04  per  cent.,  with  a  varying  quantity  of  watery 
vapour. 

We  may  take  these  figures  as  representing  a  fair  attainable 
standard  of  pure  air,  and  may  therefore  conclude  that  directly 
these  proportions  are  altered  by  an  increase  of  carbonic  acid,  and  a 
mixture  of  other  foreign  matters,  involving  a  reduction  of  oxygen, 
the  quality  is  lowered. 

Air,  in  fact,  "  with  a  very  small  loss  of  oxygen,  is  perceptibly 
deteriorated  if  the  place  of  the  oxygen  is  occupied  with  carbonic 
acid  and  exhalations  from  the  person,  although  we  are  not  able  to 
say  how  far  this  is  the  case  when  carbonic  acid  alone  is  substituted 
for  this  small  amount  of  oxygen." — Angus  Smith, 

*  Nitrogen  Ib  a  gas  devoid  of  either  color,  taste,  or  smell.  It  acts  chiefly  in  dilating  the 
oxygen.  In  pore  nitrogen  animals  cease  to  live.  Its  weight  is  a  thirty^sizth  part 
less  than  common  air. 

t  Oxygen  too  is  without  either  taste  or  smel!.  Of  all  elements  it  is  the  most  abundant, 
forming  eight-ninths,  by  weight,  of  the  water,  one-fifth,  by  volume,  of  the  air,  and 
one-third  of  the  solid  matter  of  the  globe.  Though  absolutely  necessaiy  to  the  life 
of  man  and  animals,  it  is  too  strong  to  be  breathed  for  any  length  of  time  in  a  pure 
oonditioin  without  fktal  results.    Oxygen  is  on^ninth  part  heavier  than  common  air, 

Oarbonio  acid  is  %  gas  which,  unlike  oxygen  and  nitrogen,  possesses  a  i)eroeptibly  sour 
taste.  It  is  described  as  a  compound  of  carbon  and  oxygen,  in  the  proportion  of 
three  parts,  by  weight,  of  carbon,  and  eight  of  oxygen,  and  is  the  result  of  the  com- 
bustion of  carbon.  It  was  called  "  fixed  air  "  by  our  older  chemists,  and  to  coal  miners 
and  well  sinkers  it  is  known  as  **  choke  damp."  For  plants  it  is  essential,  being  the 
■ouM  from  which  the  carbon  of  their  tissues  is  derived. 
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The  dimination  of  oj^gen  is  \ery  Beosibl;  felt  directly  itu 
quantity  is  reduced  aa  low  as  20*75  per  ceat. 

in, — QuANTrrr  of  Aib  ttEapisED  BI  Homan  Beikob,  To  under- 
staad  to  what  extent  a  loss  of  oxygen  and  an  excess  of  carbonic  acid 
mixed  with  deleterioas  foreign  substances  may  affect  the  health  of 
IiDinan  beings,  it  abuold  be  understood  that  Professor  Huxley  states 
that  in  reepiratioa  about  350  cnbio  feet  of  air  pass  through  the 
longB  of  each  individual  per  diem.  "  In  passing  through  the  lungs 
the  air  nonld  lose  from  4  to  6  per  cent,  of  its  volume  of  oxygen, 
and  gain  4  to  5  per  cent,  of  carbonic  acid. 

"  During  24  hours  there  would  be  consumed  about  10,000  grains 
oxygen,  and  produced  about  12,000  grains  carbonic  acid,  corres- 
ponding to  3,300  grains  carbon.  Daring  the  same  time  about  5,000 
grains,  or  9  ozs.  of  water,  would  be  exhaled  by  the  Inngs. 

"  In  24  hours  such  a  body  would  vitiate  1,750  cubic  feet  of  pure 
air  to  the  extent  of  1  per  cent.,  or  17,500  cnbic  feet  of  pure  air  to 
the  extent  of  1  per  1,000.  Taking  the  amount  of  carbonic  acid  in 
the  atmosphere  at  three  parts,  and  in  expired  air  at  470  parts  in 
10,000,  Buoh  a  body  would  require  a  supply  per  diem  of  more  than 
28,000  cubic  feet  of  ordinary  air,  in  order  that  the  surrounding 
atmosphere  might  not  contain  more  than  1  per  1,000  of  carbonic  acid 
(when  air  is  vitiated  from  animal  sources  with  carbonic  acid  to  more 
than  1  per  1,000,  the  concomitant  impurities  become  appreciable  to 
the  nose).  A  man  of  the  weight  mentioned  (11  stone)  ought 
therefore,  to  have  at  least  800  cubic  feet  of  well  ventilated  space." 

Upon  this  subject  Dr.  de  Chaumont  says  that  each  adult  consumes 
in  food  from  3,500  to  4,000  grains  of  carbon  in  24  hours,  i.e.,  from 
eight  to  nine  ounces,  and  he  exhales,  ae  carbonic  acid,  about  the 
same  quantity,  which  is  equal  to  17  cubic  feet  of  the  gas,  to  vitiat« 
the  atmosphere.  In  addition  to  this  gas  a  quantity  of  watery  vapour 
is  given  off  from  the  person,  varying  according  to  circumstances  from 
six  to  27  ounces ;  and  Dr.  de  Chaumont  adds,  "  An  assemblage  of 
2,000  persons  will  give  off  in  two  hours  (in  vapour)  17  gallons  of 
water,  and  nearly  as  much  carbon  as  would  be  extracted  from  a  cwt. 
of  coals." 

Dr.  Farkee  says  in  his  "  Practical  Hygiene  "  that  "  an  adult  man 
in  ordinary  work  gives  off,  in  24  hours,  from  12  to  IG  cabic  feet 
of  carbonic  acid  gas,  and  also  emits  an  undetermined  quantity  of 
carbonic  acid  gaa  by  the  skin." 

rV. — Op  Oxtqes.  "  The  mean  quantity  of  oxygen  in  the  ex- 
tremely pure  air  at  the  sea  aluire  and  oa  the  Iteallm  of  Scotland  is 
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repreBented  to  be  20-EtD9  per  cent.,  while  the  mean  of  the  low  tnarahi/ 
places  (Scotland)  Ib  20'922."— Jnjiw  Smith  From  these  figures 
it  vnU  be  eeca  that  the  better  aii-  of  the  sea  shore  and  the  heaths 
contniiiB  '039  per  cent,  of  oxygen  ahove  that  espreseed  in  the 
Btaudard  of  purity  which  I  haye  qaoted,  while  the  worse  air  of  the 
marshes  contains  'OSS  per  cent,  below  it.  It  will  be  observed, 
however,  that  although  the  sanitary  conditions  of  the  two  are  very 
different,  that  difEerence  ia  limited  to  '077  of  one  part  in  100  parte, 
or,  in  other  words,  to  rather  less  than  7J  parts  in  10,000  parts. 

To  show  how  the  loss  of  a  small  portion  of  oxygen  iiidioat«B  a 
very  great  reduction  of  salubrity,  I  have  collected  from  various 
antborittes  tbo  quantities  of  oxygen  which  have  been  found  to  exist 
in  different  places  under  different  conditions. 


Oxygen — Standard,  20*96  per  cent. 


Unreotlsutlwo 


Front  of  Glasgow  Exchange 

Kirk  Street,  Glasgow       

Begent  Street,  Loodon,  November 
Hackney  „  »     -■■ 

Chelsea  „  »     '■■ 

Middle  of  Hyde  Park  „     ... 

Metropolitan  Railway,  underground 
Sitting  Room 
Small  Room,  petroleum  lamp  burning 

PitofTheatre       

Gallery  of  Theatre  


20'876 
20-865 
20835 
20-810 
21-005 
20-600 
20-890 
20-840 
20-740 
20-630 


-360  less. 
■070    „ 


■330 


V. — Or  Carbonic  Acid.  An  iuorease  of  a  very  minute  proportion 
of  carbonic  acid  in  the  air,  with  a  corresponding  loss  of  oxygen  is 
quickly  perceptible  to  the  senses,  although  the  difference  (if  acca- 
rately  ascertained  by  analysis)  will  be  indicated  by  figures  in  the 
second  and  third  place  of  decimals. 

"  Some  people  will  probably  enquire  why  we  should  give  so  mnoh 
attention  to  such  minute  quantities — between  20-980  and  20-999 — 
thbkkiug  these  small  difllerencea  can  in  no  way  affect  us.  A  little 
more  or  less  oxygen  might  not  affect  us ;  but  supposing  its  place 
occupied  by  hurtful  matter  we  most  not  look  on  Ike  arrumnl  as  too 
email.  Subtracting  0980  from  0-999  we  have  a  difference  of  190 
in  a  million.  In  a  gallon  of  water  there  are  70,000  grains  :  let  DS 
pot  into  it  an  impurity  at  the  rate  of  190  in  1,000,000 ;  it  amounts 
to  13-3  grains  in  a  gallon,  or  0-19  grammes  m  a  litre.     This  amount 
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would  be  conaidered  enormaus  if  it  consisted  of  putrifying  matter, 
or  aoy  organic  matter  naually  found  in  waters ;  bnt  wo  drink  only  a 
comparatively  email  qnautity  of  water,  and  the  whole  13  grains 
would  not  be  swallowed  in  &  day,  whereas  we  take  into  our 
lungs  from  1,000  to  2,000  gallons  of  air  daily.  The  detection  of 
impurities  in  tlie  air  is  therefore  of  tho  utmost  impoi-tance,  and  it  is 
only  by  the  finest  methods  that  they  can  be  ascertained  in  small 
quantities  of  air,  even  when  present  in  such  quantity  ob  to  prove 
deleterioTiB  to  health.'' — Angus  Smith  "Air  and  Bain." 

It  is  needless  to  point  out  that  the  amount  of  carbonic  acid 
aaaociated  with  contaminating  foreign  matters  will  necessarily  bo 
fband  to  increase,  and  the  amount  of  oxygen  to  decrease  in  a  greater 
degree  in  "  conGnod  spaces  "  than  in  the  open  country.  I  am  not 
at  this  moment  treating  of  the  air  of  rooms  within  dwellings  with 
which  the  architect  has  more  to  do  than  the  engineer,  but  of  the 
outside  atmosphoro  upon  which  the  inmates  of  all  dwellings  depend 
as  a  source  &om  which  to  dilate  the  inner  air  when  it  has  become 
polluted  by  tho  respiration  and  conihustion  constantly  going  on  in 
all  human  habitations,  mills,  factories,  &c.,  and  in  the  stables,  out- 
buildings,  &c.,  occupied  by  domestic  animals.  With  this  ontsido 
atmosphere  the  ciuglneer  has  everything  to  do. 

That  we  may,  however,  appreciate  the  differences  between  the 
attainable  standard  of  pure  air,  which  I  have  quoted,  and  the  fuirly 
good  atmosphere  of  open  spaces,  and  compare  both  with  tho  air  of 
confined  inner  spaces,  I  will  give  you  the  quantity  of  carbonic 
add  as  it  is  found  to  exist  in  the  air  of  a  variety  of  places. 


Casbohic  A-CId — Standard,  ■04fi  per  cent. 


Per  cam. 

More  or  Lms  than 
BlBadaidparDGiK. 

Open  SpicEa  (Manchksteb)  :— 

Fields  in  Greea  Leys        

..     -0383 

.     -0017  less. 

OldTrafford          

...     -0432 

..     -0032  more. 

Do 

...     -0291 

..     -0109  less. 

Chnrch  Tard,  AJl  Sainte 

..     -0323 

.     -0077    „ 

Smitbfield  Market             

..     -0446 

.     -0046  more. 

CoHFiKKD  Spaces  (Manchestek)  :— 

Factory  Mills        

..     -2830 

.     -2430  more. 

School  Boom         

„     -0970 

..     -0570     „ 

Theatre  Royal  (Pit)         

..     -2734 

..     -2334     „ 

Opem  Spaces  (Losdon) r— 

Cbeapside              

...     -0352 

..     -0048  loss. 

Lower  Thames  Street      

..     -0428 

..     -0028  more. 

Ant. 


Cabbonic  Acid — Standard  ^04^  per  cent 

Open  Spices  (London): — 

Top  of  Monnment  ...         

Hyde  Park  

Oxford  Street        ...         

Regent's  Park 

Confined  Spaces  (London)  : — 
Chancery  Court  (shut)     ... 
Do.               (open)    ... 
Strand  Theatre  (gallery,  10  p.m.) 
Surrey  Theatre  (boxes,  12  p.m.) 
Olympic  Theatre  (11.55  p.m.)    ... 
Standard  Theatre  (pit,  11  p.m.) 
Metropolitan    Bailway,  between    Gower 
Street  and  Eang's  Cross       

Open  Spaces  (Foreign)  : — 

Lake  of  Geneva '0439 

Chambeisy  '0460 

Munich       '0500 

A  very  interesting  table  is  given  by  Dr.  Parkes  in  his  Practical 
Hygiene,  from  experiments  made  by  Dr.  de  Chaumont,  showing 
the  difference  between  external  air  and  that  prevailing  at  the  same 
time  in  certain  Barracks  and  Civil  and  Military  Hospitals. 


or  cent. 

More  or  lesB  than 

•0398 

...     ^0002  less. 

0334 

...   •ooee  „ 

0344 

...     -0056    „ 

•0304 

...     -0096    „ 

193 

...     '1530  more. 

0507 

...     -0107    „ 

•101 

...    •oeio   „ 

•218 

...     -1780    „ 

•1014 

...     -0614    „ 

•320 

...     -2800    „ 

•338 


•2980 

•0039 
•0060 
•0100 


99 


AMOUNT  OF  CARBONIC  ACID  IN  ONE   HUNDEED  VOLUMES  OP  AIE. 


Carbonic  add, 
external  air. 

Barracks  : — 

Gosport  New  Barracks      . . .  "043 

Anglesey  Barracks  ...  ^039 

Aldershot -044 

Chelsea       -047 

The  Tower  of  London      ...  '042 

Fort  Elson  (casemate)      ...  ^042 

Fort  Brockhurst  (do.)      ...  ^042 

Military  and  Civil  Hospitals  :— 
Portsmouth  Garrison  Hos- 


Carbonio  add, 
internal  air. 


Largest 
amount  found. 


•184 
•197 
•140 
•117 
•173 
•187 
•102 


pital 

Do.  Civil  Infirmary 
Herbert  Hospital  .. 
Hilsea  Hospital 


•030 
•032 
•042 
•040 


•205 
•130 
•073 
•074 


Mean 
amount. 

•064 
•140 
•049 
•071 
•133 
•120 
•083 


•097 
•092 
•047 
•057 


Mean 

reapiratory 

impurity. 


•021 
•101 


•024 
•090 
•078 
•041 


•067 
•060 
•005 
•017 


AMOENT  OF  OAKBOmC  ACID   IK  OVK    HUNDRED  VOLUMES  OP   AIR. 


348     . 

■165     . 

■12-1 

231     . 

.     -133     . 

.   -ore 

309     . 

.     -169     . 

■124 

■098 


MlHTABT  AND  Cmi.   PRIBOlfB  : — 

Alderahot    Military    Prison 

Cella 010 

G«port  do.  do.  Cells       '055 

Chatham  ConTict  do.  Cells       '045 
Penfconville     Prison    Cells, 

Jebbw'  Byst«ni  ...      — 

"  The  loBt  colurao  of  this  table  shows  the  condition  of  the  venta- 
lation  m  measored  by  the  carbonic  acid.  It  is  very  satisfactory  in 
the  new  barnicks  (Gosport  and  Chelsea),  bnt  is  mnch  less  so  in  the 
old  barracks  and  cawmatea.  The  Herbert  and  Hilsea  Military 
Hospitals  show  excellent  ventilation,  while  the  old  fashioned  Ports- 
month  Garrison  Hospital  is  very  bad  in  this  respect.  The  prison 
cells  show  in  all  cases  a  very  high  degree  of  respiratory  impurity, 
and  this  mnst  be  one  of  the  depressing  influences  of  long  coll  confine- 
ment. The  amonnt  of  carbonic  acid  is  often  much  greater  than  in 
tho  above  instances." 

In  a  boys'  school  with  67  boys  and  4,640  cubic  feet  {=69  cnbio 
feet  per  head)  Roscoe  found  3-1  parts  of  OOj  per  1,000  (-31  per 
cent). 

In  a  girls'  school  room  (?0  girls  and  10,400  cubic  feet,  or  150 
cubic  feet  per  head)  Pettenkofer  found  no  leas  than  7'230  parts  per 
1,000  (-723  percent.), 

In  a  horse  stable  at  the  Ecole  Militaire  the  amonnt  was  7  per 
1,000  (-7  percent.). 

VI. — PoLLTJTTNO  FoBEiON  Mattehs.  Excluding  from  consideration 
tlie  watery  vapour  that  existB  to  the  eitent  of  40  per  cent,  of  satu- 
ration in  the  driest,  to  complete  saturation  in  the  dampest  air,  and 
may  therefore  be  considered,  though  varying  in  quantity,  to  be 
almost  a  normal  constitnent,  thp  foreign  matters  to  which  I  have 
before  referred,  and  which  impart  to  the  air  those  impnrities  which 
vitiate  its  normal  condition,  are  (1),  the  gases  which  rise  in  the 
ebape  of  ammonia  from  organic  matters,  as  decay  and  pntrefaction 
take  place;  (2),  those  acids  or  gases  which  emanate  from  inorganic 
matters  in  their  natural  state,  or  when  brought  into  uae  by  man  ;  and 
(3),  mechanically  suspended  impurities,  i.e.,  those  snbalancos  con- 
sisting of  particles  of  the  soil  or  dust,  the  pollen  and  seeds  of  plants, 
decaying  tissue,  &c.,  which  float  in  the  air  are  of  minute  size,  and 


may  be  partially  seer  by  the  eye  in  any  my  of  light.  It  is  these 
suspended  and  floating  particlea  that  have  been  shown  by  Professor 
Tyndall  to  reflect  and  scatter  light  itself. 

The  amoQnt  of  watery  vapour  whieb  in  this  coantry  is  considered 
most  congenial  to  health  is  from  65  to  75  per  cent,  of  saturation. 

Vll.  —  ConsTERACTisa  Agencies.  ThoHC  deteriorating  foreign 
materials,  however,  are  counterbalanced  by  natural  agencies, — winds 
and  currents,  diffusion,  oxidation,  and  the  very  powerful  influences 
of  vegetation.  Beyond  these  there  is  the  action  of  that  substance 
known  as  oioim.  This  valuable  element  ia  described  by  Dr.  de 
Chaumont  as  a  modification  of  oxygen  in  which  more  than  the 
nsoal  number  of  atoms  are  brought  together.  "  Ozone,"  he  says, 
"  oxidizes  (bums,  in  fact)  organic  matter  with  great  rapidity,  much 
moi-e  rapidly,  in  fact,  than  ordinary  o:^gen.  In  this  way  it  may 
be  considered  the  great  scavenger  of  the  air."  Dr.  Cornelius  Fox 
describes  the  sources  of  ozone  to  be  "  the  oxidation  of  metals,  the 
decomposition  of  rocks,  the  germination  of  seeds,  the  growth  of 
plants,  the  falling  of  dew,  rain,  hail,  and  snow  ;  the  collision 
between  air  cnrrents  of  different  degrees  of  humidity  proceeding 
from  opposite  quarters  with  One  another,  or  with  the  earth  ;  the 
evaporation  which  is  continually  proceeding  from  saline  fluids, 
snch  as  oceans,  seas  and  lakes  ;  the  dashing  and  splashing,  tbo 
smashing  and  crashing  of  the  restless  waves  ou  the  rocky  coast ;" 
which,  he  says,  "  are  all  concerned  in  the  simultaneous  development 
of  electricity  and  ozone."  This  description  expresses  not  only  the 
sources  of  oione,  but  includes,  in  fact,  the  several  agencies  which 
counteract  air  pollution. 


VIII. — Geoun!)  Air.  All  air  existing  in  and  emanating  from 
soil  is  rich  ia  carbonic  acid  associated  with  effluvia  and  organic 
gases,  governed  in  quantity  by  the  amount  of  animal  and  vege- 
table substances  esiating  in  the  soil.  Sulphuretted  hydrogen 
ia  found  under  special  circumstances.  These  emanations  are 
the  result,  I  presume,  of  the  very  remarkable  disinfecting  powers 
of  soil  which  Dr.  Angus  Smith  says  will  purify  by  oxidizing 
"  sulphuretted  hydrogen  water,  or  its  compound  with  ammonia,  on 
a  few  inches  of  soil  in  a  few  minutes."  (^"Airattd  B<im.")  Tbey  will 
continue  to  be  given  off'  from  the  surface  so  long  as  there  exists 
beneath  any  organic  matter  to  be  oiidized. 

Soils  have  diflerent  powers  of  decomposing  organic  substances 
without  lessening  the  amount  of  carbonic  acid  gas  evolved.  Some 
soils,  in  fact,  are  purified  by  the  air  existing  in  them  at  the  expense 
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of  the  BIT  inoambent  upon  them.     Plect,  of  Dresden,  iu  his  exp«rf- 

ments  on  ground  air,  found  that  mth  an  increnae  of  carbonic  acid 
there  waa  a  corresponding  decrease  of  osyj^tin,  and  that  the  rate  of 
decomposition  is  very  much  slower  in  clay  (as  every  one  would  expect} 
than  in  sands  and  gravels,  while  the  amoimt  of  carbonic  acid  given 
off  by  the  slower  decomposition  tiiking  place  in  clays  was  very  much 
greater  than  from  the  more  rapid  dccompoeittoii  in  sands  and  gravela, 
though  the  latter  wi«  effected  in  half  the  time. 

Some  recent  experiments  of  Professor  Ripley  Nichols,  of  the 
Massacbnsetts  Institute  of  Techtiolog-y,  however,  afford  some  satis- 
faction upon  this  head.  "He  (Professor  Nichols)  examined  the 
air  from  soils  saturated  with  semi-liquid  sewage  (May  13lb, 
i8?5),  the  cxpcrinjenta  being  so  carefully  arranged  as  to  allow 
of  specimens  of  air  being  taken  for  analysis  from  different  depths 
and  at  different  times  and  dates.  lu  his  OlBercaiions  describing^ 
these  experiments,  Professor  Nichols  says  ; — "  On  the  5th  June 
(1875)  the  examination  of  the  air  in  the  soil  and  at  the  surface  of 
ihe  ground  was  begun,  and  examinations  have  been  made  at 
intervals  until  the  present  date  (Nov.  10th).  Tho  general  i-esults  of 
the  examinations  may  Ix)  Eiimmed  up  as  follows  :  The  gaseous 
products  of  decay  which  might  be  expected  to  be  produced  from 
SBch  a  mixture  of  animal  and  vegetable  matter  are  sulphuretted 
hydrogen,  ammonia,  carbonic  acid,  and  marsh  gas  ;  tho  first,  snl- 
pbarettcd  hydrogen,  was  not  detected  even  in  the  air  taken  fourteen 
inches  from  tho  surface  of  the  ground,  i.e.,  less  than  six  inches  from 
the  top  of  the  decaying  matter ;  ammonia  was  not  found  in  any 
appreciable  amount ;  there  seemed  to  bo  a  small  amount  of  marsh 
gas  (brmed,  and  of  carbonic  acid  a  very  large  quantity  was  produced. 
The  amount  of  carbonic  acid  was  greatest  in  the  neighbourhood  of 
tho  decaying  matter,  and  decreased  iu  amount  towards  the  surface 
of  the  ground.  The  maximnm  araoont  was  observed  during  July 
and  August.  Observations  made  since  the  1st  of  October  show  that 
the  amount  is  steadily  decreasing,  Also,  since  tbe  Ist  of  October, 
marsh  gas  has  not  been  observed  in  the  ground  atmosphere."  *  •  • 
"  More  complete  examinations  of  the  air  were  made  with  tho  follow- 
ing reenlta : — 

Tube  H  (14  inches  from  the  surface), 

JoBo  II.  June  38.  Ool.  IB.  Vor.  Uk 

Oiygen  14  7d  13-49  15-39  1695 

Carbonic  acid  11-51  13-28  6-28  2-82 

Nitrogen  73-  73  73-23  78-44  79-23 

The  connteracting  effect  of  diffusion  in  the  atmosphere  was  shown 

in  the  case  to  which  these  figures  apply,  by  the  fact  that  at  a  few 

feet  from  the  ground  no  excess  of.  carbonic  acid  could  be  detected." 
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In  a  previOTis  pnblication  Professor  Nioliols  recorded  a  somewhat 
extended  series  of  determinations,  made  in  1874  in  a  deep  bed  of 
gravel.  He  says  that  the  depth  of  the  gravel  to  the  river  mnd 
beneath  was  19  feet,  and  that  a  portion  of  the  mud  was  brought  np 
for  examination.  "  It  was  found  (after  being  dried  at  212°  F)  to 
lose  4  per  cent,  on  ignition,  and  consisted  mainly  of  sand  containing 
some  fragments  of  shells.  It  contained  traces  of  ammonia  and 
some  nitrogenoos  organic  matter,  but  no  sulphuretted  hydrogen  or 
sulphides.  Air  was  drawn  through  a  glass  tube  from  a  depth  of 
10  feet,  and  was  found  to  contain  some  ammonia,  but  no  sulphuretted 
hydrogen.  Two  pipes  were  sunk  in  the  manner  described,  so  as  to 
draw  the  air  from  a  depth  of  6  feet  and  10  feet  respectively."  The 
results  of  the  examination  are  embodied  in  the  following  table : — 

CARBONIC  ACID   EXPRESSED   IN   PARTS   PER   1,000. 


Amount  of 

Carbonic  Acid 

Distance  flrom 

at  a  depth  of 

surface  of 

Dati. 

t  round  to 
faceof  gri 

sur* 

BSKASKS. 

3und 

10  ft. 

6  ft. 

water. 

1874. 

ft. 

in. 

Kay 

6 

— 

— 

10 

3 

The    height    of  the    ground    water    web 

t$ 

8 

— 

— 

10 

6 

measured  at  a  point  some  160  feet  distant 

$» 

11 

— 

— 

10 

9 

ftrom  the  point  at  which  the  air  was  taken. 

»» 

12 

— 

4-17 

■^ 

It  is  however  sufficiently  exact  for  the 

ft 

13 

— 

4-20 

present  purpose,  as  there  is  probably  little 
ulfibrence  in  the  height  at  the  two  points. 

f> 

14 

— 

4-01 

More  than 

t$ 

16 

— 

6*21 

10 

9 

ft 

18 

— 

6*98 

»» 

21 

4*31 

6-40 

w 

Air  of  10-foot  pipe  tested  for  sulphoietted 

t» 

22 

4-74 

6-33 

10 

8 

hydrogen  with  negative  results. 

_  »» 

27 

6*88 

7-24 

10 

8 

A  heavy  rain.  May  26th. 

Jane 

9 

10'50 

9-64 

^ 

ti 

17 

16-60 

13-40 

ti 

26 

20-26 

14-20 

More  than 

July 

4 

— 

1769 

'10 

9 

Dry  weather. 

f> 

13 

16-37 

18-37 

« 

Heavy  rain,  July  12th. 

»f 

26 

20-26 

20-20 

^ 

Aug. 

10 

20-60 

— 

10 

8t 

_ »» 

20 

21-21 

20-71 

— 

Air  of  10-foot  pipe  tested  for  sulphuretted 
hydrogen  witn  negative  results. 

Sep. 

6 

— 

16-97 

— 

f» 

16 

12-86 

17-07 

— 

•t 

26 

14-73 

6-98 

— 

Oct. 

6 

10-00 

6-74 

— 

Nov. 

6 

— 

8-96 

•~ 

$» 

6 

15-32 

9-62 

11 

10 

•» 

10 

16-31 

9-19 

11 

10 

t» 

14 

13-13 

7-07 

12 

0 

t» 

18 

12-69 

6-88 

11 

11 

tf 

21 

11-72 

6*89 

11 

11 

*» 

23 

— 

4-33 

11 

11 

Snow  and  rain  the  night  previous. 

_•» 

24 

8-08 

— 

11 

9 

Very  windy. 

Deo. 

8 

8-06 

4-11 

11 

10 

Rain,  December  7th. 

(t 

14 

7-92 

3-40 

— 

Rainy. 

*f 

16 

6-39 

3-28 

11 

11 

Very  cold. 

>f 

29 

610 

3-23 

11 

11 

Very  cold. 

1876.       1 

Jan. 

6 

2-12 

2-46 

12 

« 

A  light  snow  or  sleet  fell  January  2nd,  and 
covered  the  surface  of  the  ground  with  a 
continuous   icy   coating  which  had   not 

. 

melted  January  6th. 

10 
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The  ground  in  proximity  to  every  dwelling  being  always  traver 
to  some  extent  by  one  or  more  sewera  (to  diacbarge  tbe  aewage  of 
the  dwelling),  it  ia  desirable  tbat  tbe  nature  of  "  sewer  air  "•  ahovdd 
be  nnderstood,  for  if  it  eecapoa  from  aewers  tbat  are  not  air-tight 
into  the  ground  it  adds  very  mncb  to  tbe  defiJeioent  of  tbe  aoil,  and 
canses  a  greatly  increa,3ed  evolntion  of  carbonic  acid  from  tbe 
snrface,  tbns  creating  a  ooodition  of  atmosphere  partaking  of  a 
malarious  character.  In  moat  cases  sewer  air  consists  of  a  "  variable 
amount  of  anlpbaretted  hydrogen,  ammonium  aulpbido,  nitrogen, 
carbonic  acid,  and  carbaretted  hydrogen,  in  addition  to  fcetid 
organic  matters.  These  organic  matters  are  in  large  amount." 
"  Harsh  gas  is  found  in  sewers  when  oxidation  is  impeded,  and 
snlphnretted  hydrogen  and  amm on inm  sulpiiideare  liberated."  "The 
organic  vaponr  is  carbo-ammoniacal." — Parkee. 

It  appears  manifest  to  mo  that  tbe  escape  of  these  confitituents  into 
the  gronnd  surronading  dwellings  muat  be  injnrious,  for  the  gaecB 
evolved  in  sewers  are  frequently  fired  by  tbe  candles  of  sewer-meii, 
and  in  a  case  in  my  own  practice  where  an  examination  was  being 
made  of  the  condition  of  a  sewer  running  under  a  large  establishment, 
in  which  there  were  at  tbe  time  250  inmates,  the  confined  gas  took 
fire  from  a  workman's  candle  and  passed  througb  the  entire  length  of  a 
long  basement.  Little  atf«ntiou  is  at  present  given  to  matters  like 
this,  though  they  cannot  fail  to  show  that  sewera  with  air-tight  jointa 
are  desirable  near  dwellings.  If  they  are  air-tight  they  are  necea- 
sarily  water-tight,  and  then  the  sewage  itself,  with  its  72  parts  of 
dissolved  solids  in  100,000  parts,  will  not  escape  into  the  soil 
Burrounding  the  sower,  to  render  it  "  excrement  sodden,"  and  gravi- 
tate by  soakagc  to  the  foundations  and  basements. 

IX. — M*i.iRiA.  To  arrive  at  tbe  precise  nature  of  miasma  many 
experiments  have  been  made.  One  was  carried  out  io  Italy  by 
oollecting  the  moisture  of  the  air  in  the  immediate  proximity  of 
oertoin  marshes  known  to  be  subject  to  malaria,  as  it  was  deposited 
on  the  Bur&ces  of  bottles  containing  ice.  This  moisture  when 
condensed  was  found  to  contain  nitrogenous  substances,  which 
pntrified,  and  soon  exhibited  animalcnlie. 

■  Tbt  MIowiiiK  Ubulkr  nbUement  of  Ihe  coodltinn  of  Iho  nlr  taken  from  (be  Hmin  mm- 


I  do  not  knoiv  if  any  like  analysie  has  been  mitde  of  t)ie  moiatnre 
evaporated  from  the  back  yards  of  honsea  and  cottages  in  some  of 
the  filthy  towns  and  villages  which  exist  in  this  comitry,  but  I  can 
well  nnderatand  that  one  great  caase  of  disease)  in  Gi'eat  Britain,  in 
spite  of  its  advantages  of  climate,  is  the  amount  of  evaporation 
wbich  takes  plaoe  in  association  with  organic  emanations,  and  that  it 
does  not  require  the  heat  of  a  southern  climate  to  pradnce  an  atmos- 
pheric  condition,  differing  only  in  degree  from  the  malaria  which 
we  have  been  accustomed  to  associate  only  with  distant  and  hot 

That  heat  has  an  eriraordinary  inSuenco  in  promoting  malaria 
wherever  or^nic  substances  are  collected  upon  a  wet  soil,  I  can  sup- 
port bymy  own  investigations  in  Italy.  I  found — in  the  autumn  of  1864 
■when  examiniug  the  sea-board  marshes  between  Civita  Veeohia  and 
Pcsatnm  for  the  purpose  of  ascertaining  their  capability  of  growing 
cotton — that  it  required  neither  warning  nor  guide  to  enable  mo  to 
identify  infected  districts,  nor  that  any  one  organ  or  sense  alone 
detected  the  obnoiious  atmosphere.  The  seosea  generally  became 
affected,  In  every  instance  of  infectad  air  with  which  I  then  became 
cognizant  the  enbaoil  water  was  within  a  little  depth  of  the  surface, 
and  the  quantity  of  decomposable  organio  matter  was  very  large. 

Such  a  state  of  things  an  English  agriculturist  would  quickly  and 
radically  alter — as  unprofitable  in  cultivation,  and  injurioua  to  vege- 
tation— by  v.n<Jer-drainage.  The  Italians,  however,  knowing  that 
the  difference  between  high  and  low  tide  in  the  Mediterranean  Sea 
is  practically  nothing,  and  that  therefore  there  was  no  capability 
of  tidal  discharge,  instead  of  raising  the  injurious  waters  by  steam, 
as  is  done  in  this  country,  in  Holland,  and  other  countries,  and 
discharging  them  above  sea  level,  adopt  the  raven  scheme  of  raising 
the  land  itself  with  di-bris  from  the  Appeninos  by  warping — a  process 
called  "  bonification  " — which  has  the  efEoot  of  covering  the  anrfaco 
with  solid  material,  and  of  leaving  the  soil  below  stiU  saturated  witb 
water  without  eradicatiug  malaria. 

S, — Oh  Casbonic  Acid  as  the  heabttrb  op  Impckitt  op  Ant. 
If  the  exact  measure  of  impurity  of  air  was  simply  that  expressed  by 
the  increased  amount  of  carbonic  acid,  or  the  reduced  amount  of 
oxygen  which  it  contiuns,  it  would  not  be  long  before  the  engineer, 
aa  well  as  the  medical  officer,  could  ascertain  the  exact  condition  of 
the  air  of  any  locality.  But  it  is  not  exactly  so.  Though  the 
increased  amount  of  carbonic  acid  la  some  guide  to  the  extent  of 
impurity  existing  in  the  air,  it  gives  do  cine  to  the  quality  of  that 
impurity,  nor  can  we  accept  as  a  rule  the  assumption  that  as  tbe 
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quantity  of  carbonic  acid  increases  so  will  be  the   rednction  of 
oxygen. 

Dr.  Parkes,  however,  gives  tho  following  reasons  for  taking  car- 
bonic acid  as  the  index  of  impiirity  :  "  The  carbonic  acid  which  an 
adult  man  adds  to  the  ettent  of  about  7"^'*"  of  a  cubic  foot  in  aa 
Lonr  is  not  within  certain  limits  an  important  impuiity,  bat  as  it  is 
practically  in  a  constant  ratio  with  the  more  important  organic 
natter  of  respiration,  and  as  it  is  readily  determined,  it  is  taken  as  Eh 
convenient  index  to  the  amonnt  of  the  other  impnritiea. 

"  Taking  the  carbonic  acid  as  the  measure  of  the  impurity  of  the 
air  vitiated  by  respiration  (and  by  respiration  alone),  we  have  to 
ask  what  is  to  be  considered  the  standard  of  purify  of  air  in  dwel- 
ling rooms  ?  Wo  cannot  demand  that  tho  air  of  an  inhabited 
room  shall  bo  absolutely  as  paro  as  the  ontsidc  air ;  for  nothing 
short  of  breathing  in  the  open  air  can  onsnre  perfect  purity  at  every 
respiration.  In  every  dwelling  room  there  will  be  eonto  impurity  of 
air."  '  •  "It  appears  from  experiments  made  by  Dr.  do  Chaumont 
and  myaelfi  that  the  organic  imparity  of  the  air  is  not  perceptible 
to  the  BensCH  until  the  carbonic  acid  (i.e.,  the  initial  and  the  respi- 
ratory carbonic  acid)  rises  to  the  ratio  of  '6  per  1,000  volumes  {'05 
per  cent.),  or  '0000  in  each  cubic  foot." 

"  Pettenkofer  has  now  adopted  the  limit  of  7  measares  of 
COj,  and  Degen  "66  measures  per  1,000,  as  the  amount  when  the 
organic  matter  simultaneoualy  present  becomes  perceptible.  I  would 
propose  then  to  adopt  the  amount  of  -G  cubic  feet  per  1,000  volumes 
(■Ql)  per  cent.)  of  total  carbonic  acid  (initial  and  respiratory)  as  the 
limit  of  impurity.  I  admit  that  I  am  not  able  to  show  by  direct 
evidence  that  impurity,  indicatod  by  ■?  or  '8,  or  even  one  volume  of 
carbonic  acid  per  1,000,  and  orgaiuc  impurities  in  proportion,  is 
injurious  to  health.  We  possess  no  means  of  testing  the  effects  of 
such  small  quantities.  Such  a,  standard  must  be  adopted,  first,  on 
tho  geaoral  evidence  that  largo  aiirial  impurities  are  decidedly 
hurtful,  and  that  smaller  amounts  may  be  presumed  to  be  so  in 
proportion,  although  we  cannot  measure  the  action  ;  and,  secondly, 
on  the  fact  tliat  we  have  an  obvious  and  simple  measure  in  the 
effect  produced  on  the  senses,  which  gives  us  a  practical  line  of 
demarcation  we  could  not  otherwise  obtain." 

But  to  ascertain  the  amount  of  carbonic  acid  in  the  air  seems  to 
the  uninitiated  not  to  be  a  very  easy  matter,  even  in  the  hands  of 
chemists.  To  tho  engineer  who  is  not  acquainted  with  chemistry  it 
is  practically  beyond  reach,  although  Dr.  Angus  Smifh  (Air  avd 
Rain,  p.  192),  details  several  means  of  effecting  what  he  terms 
"simple"  tests,  and  which  he  calls  the  minimetric  method    (see 
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Appendix  A).  The  method  adopted  by  Pettenkofer  is  also  said  to 
be  easy  of  perfoi-maace.  The  explanation  of  that  method  (given  by 
Dr.  Parkes)  will  bo  found  in  the  Appendix  (seo  B).  It  is  to  bo 
hoped  that  some  self-recording  inatrumont  to  corre8|)ond  with  the 
barometer,  the  thermometer,  and  the  hygrometer,  may  yet  be 
invented  by  which  tlio  amount  of  carbonic  acid  in  the  air  may  bo 
read  off  with  simplicity. 

XI. — The  DniT  of  tee  Engineer  in  Relation  to  Air,  It  will  Iio 
E^od, — In  what  way  can  the  sanitary  engineer  govern  the  condition 
oE  the  air  ?     I  will  do  my  best  to  answer  the  question. 

By  appropriate  drainage  of  the  ground  forming  the  sites  of  dwell- 
ings, and  of  towns  and  villages  (which  are  the  congregation  of  dwell- 
ings) not  only  may  the  soil  be  mode  absorbent  of  liqnid-Eltb,  and 
capable  by  its  aeration  of  oxidizing  the  nitrogenons  matter  which  it 
absorbs,  but  by  the  adoption  of  adequate  depth  of  drains  the  Dprising 
of  polluted  liquid  in  the  edU,  and  the  consequent  evolution  of  perni- 
cioua  gaaoB  risiag  by  evaporation  into  the  air,  and  permeating  the  baee- 
ments  of  dwellings,  may  bo  prevented.  Moreover,  I  believe  that  as 
these  points  are  established  and  drainage  is  adopted  we  shall  go 
hirther  and  acknowledge  a  Becsibly  improved  temperature  of  the  air 
as  an  nomistakeablo  coDsequcnce  of  under- draining  the  sites  of 
dwellings.  If  I  am  right  in  these  views,  one  o(  the  first  duties  of  the 
engineer,  when  carrying  out  sanitary  works,  ia  to  render  the  ground 
npou  which  any  dwellings  stand  free  from  subsoil  water  to  withiu 
a  recognised  depth  of  their  foundations.  It  is  only  by  such  means 
that  the  gi-ound  is  made  capable  of  supporting  the  incumbent  outer 
air  in  such  a  state  of  purity  (as  indicated  by  the  amount  of  carbonic 
acid  it  contains)  that  it  shall  always  be  available  for  the  dilution  of 
the  air  within  dwellings, 

Perhaps  the  meet  fruitful  source  of  impurity  of  air  in  dwellings 
is  the  damp  condition  of  the  ground  immediately  beneath  and 
adjacent  to  them,  which  often  becomes  saturated  with  hqnid  filth  by 
the  too  &eqnent  practice  of  throwing  the  slops  of  the  dwelling  upon 
the  surface  of  yai'ds  and  gardens,  or — what  produces  nearly  as  bad  a 
condition — by  heaping  upon  it  solid  house  refuse  of  all  sorts  to  bo 
waahed  into  the  soil  by  the  rainfall,  and  to  give  off  effluvia  from  their 
accumulated  heaps,  or  to  spread  their  minute  particles  in  the  air  and 
bo  taken  into  the  lungs  by  respiration. 

It  is  when  such  a  state  of  things  exists  that  malaria  may  be  said  to 
sntTonnd  the  dwelling,  and  render  the  outei-  air  unfit  for  the  dilution 
of  the  inner  air.  The  malaria  which  prevails  in  certain  countries 
can  hardly  be  diBsimilar  in  some  respects  to  the  air  which  oxista  over 
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"eicreinent-sodden"  gronnd  and  refnse-covered  yards,  though  the 
effect  may  ho  worse  in  b.  hot  tlian  in  a  niodoratoly  cool  climate  like 
our  own.  In  both,  the  absence  of  ander-drainage  ia  the  primaiy 
canse  of  evil,  and,  in  hoth,  a.  Boil  aerated  by  under- drainage  would 
to  a  certain  extent  oxidize  the  organic  ma Itcre  it  contains,  and  greatly 
prevent  the  generation,  of  miaema. 

Xn, — Dby  iUD  Wet  Subsoilb  oompasbd.     In  order  to  ascertain 

the,  inflaence  of  a  drained  soil  apon  bonian  health,  as  indicated  by 
the  rate  of  mortality  from  consamption,  we  ehould  examine  the 
effect  of  a  wet  atmosphere  and  compare  it  with  that  of  a  dry  ono. 
It  is  fonnd  that  the  number  of  deaths  from  conaumption  in  towna 
which  arc  naturally  dry  is  so  very  much  less  than  in  towns  which 
exist  on  a  wet  soil,  that  it  is  now  believed  by  many  that  this  disease 
is  the  ofiHpring  of  defective  drainage. 

Dr.  Buchanan,  of  the  Local  Government  Board,  baa  very  carefnlly 
investigated  this  sabject,  and  reported  upon  it  to  the  Medical  Officer 
of  that  Board  (Mr.  Simon)  who  states  in  his  general  report 
(March  31st,  1868),  that  the  investigation  "  confirms  beyond 
all  possibility  of  question  the  conclusions  previously  suggested, 
that  dampness  of  soil  is  an  important  cause  of  phthisis  to  the  popula- 
tion living  upon  the  soil."  Dr.  Haviland,  of  Northampton,  Dr.  Seaton, 
of  Nottingham,  Dr.  Fenton,  of  Coventry,  and  many  other  medical 
aothorities,  all  support,  in  a  greater  or  less  degree,  the  conclusions 
cotne  to  by  Dr.  Buchanan ;  but,  perhaps,  there  is  no  more  conclusive 
proof  of  the  injurious  eSect  of  dampness  of  soil  upon  the  health  of  a 
locality  than  that  afforded  in  this  district  of  Rochester,  of  which  Dr. 
Sladcn  Knight  says,  "  the  annual  death-rate  of  the  Rochester  Urban 
Banitary  District,  calculated  on  the  mortality  of  the  three  monthg 
ending  30th  Sept.  last  (1875),  exclusive  of  deaths  occurring  in  bos- 
pitaJa,  was  IS'&IO  per  1,000,  whilst  the  annual  deaf  h-rate  of  the  drier 
portion  of  the  city  within  the  Medway  district,  i.e.,  the  part  situate  on 
the  east  side  of  Rochester  bridge,  was  but  12*494,  and  in  the  North 
Aylesford  district,  on  the  west  side  of  the  bridge,  consisting  prin- 
cipally of  Slrood,  the  greater  portion  ot  which  is  built  on  low-lying 
land,  and  is  frequently  inundated  by  the  tide,  the  death-rate  was 
23'BOO.  This  wide  difference  in  the  annual  death-rate  in  the  two 
divisions  is,  I  own,  more  conspicuous  in  tbc  last  quarter  than  in  any 
previous  returns,  although  in  eveiy  instance,  I  believe,  the  comparison 
has  been  against  the  North  Aylesford  or  Strood  division." 

The  importance  of  a  dry  soil  as  the  site  of  human  habitations  is  well 
authenticated  by  Jhe  reptort  of  Dr.  Bowditcb  addressed  to  the  Medical 
Society   of  Mossachnsetta,   U.S.A.,   which  runs  thus: — "Medical 


opinion  as  dedaced  from  the  writtfin  Btatemeuts  at' resident  physioians 
in  183  towns  tends  strongly  to  pro ve^ though,  perhaps,  not  affording 
perfect  proof  of  the  eiietence  of  a  Uw  on  the  development  of  con- 
sumption (in  MassachnsettH),  which  law  has  for  its  central  idea  that 
dampness  of  the  soO  in  any  township  or  locality  is  intimately  connected 
with  the  prevalence  of  consumption  in  that  township  or  locality." 

But  though  it  is,  perhaps,  hardly  possible  to  furnish  more 
convincing  proof  of  the  advantage  to  bo  gained  by  draining 
artificially  the  subsoil  lying  beneath  and  surrounding  dwellings 
than  by  citing  instances,  where  nature  herself  affords  the  proof 
without  any  help  from  man,  it  will  probably  be  considered 
more  pertinent  if  I  point  out  the  fact,  that  the  strongest  evidence 
yet  afforded  in  support  of  this  view  has  been  given  in  cases 
where  sewers  which  were  intended  primarily  for  the  discharge  of 
liquid  refuse,  have  acted  accidentally  in  tho  double  capacity  of 
drains  and  sewers,  a-id  have  drawn  out  of  the  subsoU  the  water 
rising  up  within  it,  while  discharging  the  sewage  they  were  originally 
intended  alone  to  remove.  This  is  beat  shown  by  Dr.  Buchanan's 
report  "  Upon  the  ReeulU  of  Works  for  Promoling  Public  Health  " 
(Ninth  Report  of  Medical  Officer  of  Privy  Council,  186t5),  by 
which  it  appears  that  the  general  death-rate  of  Newport  in 
South  Wales  was  reduced  23  per  cent.,  while  the  ailments  known  as 
"  phthisis  "  were  reduced  32  per  cent.  At  Cardiff,  the  general  deati- 
rate  was  reduced  24  per  cent.,  and  the  death-rate  from  phthisis  17 
per  cent.  At  Salisbury,  the  general  death-rate  was  reduced  9  per 
cent,,  and  that  due  t^  phthisis  49  per  cent. 

It  must  not  be  supposed,  however,  that  I  am  advocating  the  con- 
struction of  sewers  to  act  generally  in  this  way ;  I  regard  the  practice 
as  a  species  of  engineering  which  we  ought  to  avoid,  inasmuch,  as 
the  same  apertures  which  let  the  water  from  the  subsoil  into  the 
eewer  will  let  the  sewage  out  of  the  sewer  into  the  subsoil,  whenever 
the  pressure  from  within  is  greater  than  that  from  without.  And 
we  most  also  remember  that  wherever  sewage  itself  escapes,  sewer 
gases  will  escape  too.  This  practice  no  Engineer  can  defend. 
Though  good  has  come  out  of  evil,  we  must  never  forget  that  the 
sewage  and  sewer  air  which  escape  may  each  rise  up  in  the  ground 
in  the  neighbourhood  of  sewers,  aod  render  it,  to  use  tho  words  of 
Mr.  Simon,  "  excrement-sodden,"  and  tho  air  "  oierement-reeking," 
This  is  evidently  tho  caso  in  several  of  our  seaboard  towns,  where 
the  sewage  is  retained  in  the  sewers  by  the  rising  of  the  tide,  and 
whiclL  are  thus  converted  into  oesspoola. 

When  saying  this  1  would  not  hide  from  myself,  nor  from  you, 
the  fact  that  soil  where  drained  and  aerated  has  an  almost  ii>i- 
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measvTohh  power  of  cleanEing  any  liquid  that  may  enter  and  pass 
tbrough  it.  and  thus  dcfectivo  work  may  bo  rendered  harmleBS.  In 
Tillages  where  shallow  wells  are  retained  for  the  supply  of  water  in 
opposilion  to  the  advice  and  in  face  of  the  analyses  of  the  chemist, 
an  aurated  crast  of  soil,  Beven  or  eight  feet  thick,  will  do  much  to 
remove  by  oxidation  the  evil  of  pollution  arising  from  the  infiltration 
of  organic  matter. 

The  drainage  of  the  snbaoil,  wherever  it  is  wet,  sbonld  be  effected 
by  under-diuina,  which  are  altogether  independent  of  the  sewers,  or 
which  are  only  connected  with  them  for  the  pnrpose  of  utilizing 
the  sabsoil  water  as  a  means  of  flushing  the  sewers. 

Xin. — Wet  Soils  injurious  to  the  Genekal  Health  of  Dis- 
tricts. We  are  not  dependent  upon  towns  for  illnatralinns  of  tho 
benefit  to  be  derived  from  lowering  the  subsoil  water.  Wide  a^i. 
cnltnral  districts  have  been  so  much  benefited  by  drainage,  that 
diseases  which  in  former  times  constantly  prevailed  have  now  ceased 
to  esiat.  Prom  the  Fens,  ague,  which  had  been  the  rule  in  every 
family  during  the  spring  of  the  year,  has  now  been  almost  entirely 
banished  by  the  works  of  Bennie  and  other  Engineers ;  although 
since  it  first  ceased  to  exist,  the  disease  has  recurred — not  at  the 
same  period  of  the  year  (epring)  as  before,  but,  aa  I  am  informed  by 
Mr.  William  Marshall,  of  Ely  (the  accuracy  of  whose  observations 
as  a  naturalist  is  well  known),  in  the  aulumn  of  the  year — a  special 
circnmstance,  which,  he  says,  has  been  explained  by  the  fact,  that 
"  the  drainage  had  been  carried  beyond  the  point  of  prudence,  so  that 
in  the  summer  months,  and  especially  towards  harvest,  the  Fen 
ditches  became  nearhj  dry,  and  the  consequence  was,  that  we  once 
more  got  an  exhaling  surface,  and  a  noxious  effluvium  arising  from 
decaying  vegetable  matter."  Mr.  Marshall  in  further  explanation 
J  Mlds  that  "  this  state  of  things  is  now  qaite  altered,  and  tho  ague 
ims  again  vanished,  owing  to  the  farmers  making  it  a  rule  to  let 
ir&ter  in  ^m  the  rivers  during  the  summer  months,  so  aa  to  '  keep 
B  water '  always  in  the  Fen  ditches." 

I  thus  shoitly  refer  to  these  facte,  because  they  clearly  prove 
to  the  engineer  how  a  locality  naturally  nnhcalthy  may  be  made 
salubrious  byjudieioug  drainn^e,  aa  certainly  as  the  collection  of  filthy 
liquid  in  the  midst  of  populations  may  be  removed  by  sewerage. 

XrV. — An    Impeoveh   TEitrEEATDitE   OF  THE   Atmobpheeb   imue- 

BIATELT    INCL'WCEST    ON    SURFACES   GAINF-t    BT    THE  DRAINAGE  OF    THE 

Subsoil.  But  the  advantage  of  lowering  the  subsoil  water,  and  of 
admitting  air  into  the  soil  does  not  end  with  the  reduction  of  special 
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dlscaaefi.  Thia  work  has  tbo  effect  of  improving  tho  temperature  of  the 
air  iocnmbcnt  upon  thi;  groumi,  n,s  welt  as  of  raising  tliat  of  the  soil 
beneath.  If  the  rain  fnlling  on  the  groand  is  aheorhed,  and  cannot 
CBcape  from  the  HDbsoil  bccanse  no  oatleta  exist  to  carry  it  away,  it  is 
evaporated  from  t!ie  anrface ;  and  supposing  30  iuchea  of  rain  to  fall  in 
a  year  on  cm  acre  uf  land,  and  its  evaporation  to  bo  spread  over  the 
whole  period,  tho  daily  weight  of  water  evaporated  would  be  rather 
mora  than  SJ  tons,  or  18593  Iba. 

An  engineer  will  best  realize  the  loss  oE  hcnt,  i.e.,  tho  i-eduction  of 
temperature,  resulting  from  the  change  of  such  a  quantity  of  water 
into  vapoBr,when  be  remembers  that  it  would  require  "tho combustion 
of  about  24  cwt.  of  coals,  as  ordinarily  used  under  a  steam  boiler,  to 
effect  the  object."  {Joniah.  Firkes),  "  ctelstis  jiaribug  the  amount  of 
wat«r  evaporated  is  proportional  to  the  surface  eicpoaed  to  air.  It 
is  mach  greater  from  porous  solid  subataacea  kept  wetted — 
as,  for  example,  raoiat  soil  wetted  by  rain— than  from  the  aurfaoe  of 
water  itself."  (Hersr.hel.)  Everygraiu  of  water  evaporated  carries 
off  with  it  flafficioat  heat  to  raise  9G0  grains,  one  degree  Fahr. 

Mr.  Buchan,  of  the  Scottish  Meteorological  Society,  has  shown 
by  his  experiments,  "  that  the  tempemtnre  of  drained  soil  has  been 
raised  in  summer  above  that  of  undrained  land  to  the  extent  of 
throe  degrees,  often  two  degrcoB,  and  still  more  frequently  a  degree 
and  a  half;  hence,  it  follows  that  tho  advantage  derived  from 
drainage  is  in  many  coses  the  same  oa  if  tho  land  had  been  trans- 
ported 100  or  150  miles  southward." 

Dr.  William  Bankine  showed  (Journal  of  IJio  Scottish  Meteotv- 
logieal  Society,  1865)  that  the  mean  temperature  of  land  waa 
raised  by  under- drainage,  at  10  inches  from  tho  surface,  -^"^  of  a 
degree,  while  the  experiments  I  made  at  Hinxworth  {Journal  of 
the  Boyal  AgricMUural  Society  of  England,  vol.  xx,,  1860)  showed 
that  in  spring  the  temperature  of  drained  land  at  18  inches  from 
the  surface  waa  two  degrees  higher  than  that  of  undrained  land  at 
the  same  depth,  Tho  experiments  of  the  late  Josiah  Parkea,  near 
Bolton-le-Moora,  showed  an  increase  in  the  tomperatarc  of  drained 
land  over  undrained  bog  of  10  degrees,  at  31  inches  below  the 
surface  (O71  the  Influence  of  Water  on  the  Temj}eratare  of  Soih, 
Journal  of  the  Boyal  Agricjdlvral  Sociefy  of  England,  vol.  v.) 
Professor  Schubler's  eiperimenta  at  Tubingen  and  Gene^fa  proved 
that  rain  fulling  on  aerated  (i.e.,  drained)  hind,  while  supplying 
moisture  also  supplied  warmth,  and  raised  the  mean  annual  tempera- 
ture of  ground  6'  at  a  depth  of  four  feet,  while  in  anpport  of  tho  deep 
drainage  of  ground  Herachel  states,  on  the  authority  of  Quetelet 
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(Mem.  Acad.,  Enugele,  183G),  "that  the  ttactnations  of  tempGratnro 
beneath  the  surface  grow  contionally  lesa  as  tho  depth  increascB," 
and  the  difference  between  dinmal  and  nocturnal  extremes  becomea 
imperceptible  at  four  feet  below  the  surface. 

A  telling  demonstration  of  the  improved  condition  of  a  diBtrlct  by 
nnder- drainage  wa«  given  by  the  late  Lord  Palmoraton,  who,  on  Iho 
completion  of  ths  Broadlands  drainage,  tersely  expressed  to  mo  big 
approval,  by  saying.  "  You  have  tared  me  a  great-coat." 

XT. — The  MAisTKNAtrcE  of  Pfee  Am  bt  the  Undeb-draikagb  of 
THB  Soil  suRROt^'Diso  asd  beneath  Dwellings,   an  object  oklt 

IKPERIOB     IN   IMPORTANCE   TO  THE   REMOVAL   OF   PuTBESCIBLB   MATTKH8. 

That  this  object  is  oee  of  the  most  important  that  can  engage  the 
attention  of  the  sanitary  engineer  cannot  be  denied,  when  it  is  shown 
on  the  authority  of  Dr.  do  Chanmont  that  long  continued  exposnra 
to  bad  air  tends  to  the  production  of  scrofula  and  oonsnmption — of 
which  latter  disease  it  is,  as  already  stated,  probably  the  most 
efficient  cause — that  it  promotes  enteric  fevers,  that  it  fosters  ailments 
of  tho  respiraiovy  organs,  such  as  catairh,  bronchitis,  and  pneumonia, 
that  it  is  frequently  the  cause  of  inflammation  of  tho  eyes,  and  that 
it  adds  to  the  spread  of  small-pox,  measles,  scarlet  fever  and  tho 
like,  while  it  renders  the  rapid  cure  of  wounds  and  sores  of  all  kinds 
a  work  of  great  difficulty. 

Ishonldnot  havelaid  somuch  stress  upon  nnder-drainago,  in  contra* 
distinction  and  in  addition  to  sewerage,  as  the  work  of  the  engineer, 
■were  it  not  that  I  am  convinced  that  tho  present  generation — 
which  has  adopted  as  an  axiom  the  saying  of  Franklin,  that 
"  public  hctdtb  is  a  nation's  wealth  " — will  be  reproved  by  the 
next  for  nut  making  the  drying  of  the  soil  a  fundamental 
requirement  in  sanitary  works.  I  feel  assured,  that  as  certainly 
as  we  of  this  generation  are  now  engaged  in  removing  from  our 
rivers  the  polluting  matters  which  tho  authorities  of  tho  last 
obliged  our  fathers  to  discharge  into  them,  so  will  those  who  como 
after  as  lament  with  shame,  and  do  their  best  to  repair,  the  disregard 
paid  by  our  present  authorities  to  tho  drying  of  the  sites  of  habita- 
tions as  one  of  the  first  considerations  for  the  preservation  of 
haman  life. 
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WATER. 


XVI. — The  Constituents  op  Normal  Water.  Water  in  its 
normal  state  consists  of  only  two  elements,  hydrogen*  and  oxygen  in 
the  proportion  of  two  volumes  of  the  former  gas  to  one  of  the  latter, 
or  by  weight  11 '11  per  cent,  of  hydrogen  to  88*88  per  cent,  of 
oxygen. 

In  water  the  two  gases  of  which  this  substance  is  composed  are 
chemically  combined,  and,  unlike  the  constituents  of  air,  which 
remain  unaltered,  they  lose  their  gaseous  form  and  their  distinctive 
properties,  both  physical  and  chemical,  and  become  a  new  substance. 

XVII. — ^Watbr  :  How  Polluted.  Water  is,  however,  no  sooner 
in  existence  than  it  loses  its  normal  condition  by  the  absorption  of 
foreign  matters  with  which  it  comes  in  contact,  and  which  detract 
from  its  purity.  This  depreciation  takes  place  in  its  first  condition 
as  the  vapour  of  the  atmosphere ;  then  as  that  vapour  changes  into 
rain  and  falls  to  the  ground ;  then  as  the  collected  rain  passes  over 
the  surface  of  the  earth  on  its  way  to  the  rivers,  or,  if  absorbed,  as  it 
percolates  through  the  soil  to  the  subterranean  water  levels  beneath  ; 
then  as  it  passes  through  the  earth  to  find  outlet  at  the  surface  in 
the  beds  of  rivers  and  streams,  or  at  impervious  outcrops  in  the 
shape  of  springs ;  and,  lastly,  as  it  is  discharged  to  the  sea  after  it 
has  assumed  the  form  of  rivers  and  tributary  streams. 

In  its  condition  as  vapour  and  as  rain,  water  is  defiled  by 
the  gases  of  putrefying  organic  matters,  which  rise  into  the  air 
from  the  surface  of  the  earth,  while  as  dew  and  hoar-frost  it  is 
affected  by  the  same  causes  only  in  a  greater  degree.  As  vapour 
and  rain  too,  water  is  also  rendered  impure  by  smoke  from  burning, 

*  Hydrogen  is  a  ooloorleBS,  tasteless,  and  inodorous  gas,  14|  timoa  lighter  than  atmo- 
•pherio  air.  It  is  rery  inflammable,  and  boms  in  air  with  a  pale  flame,  producing  water 
by  combining  with  atmospherio  oxsrgen. 
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and  by  emanations  from  mineral  snbatancoB  nsod  in  manuractnrc  ;  BS 
collected  rain  passing  over  imporvions  aurfaces  towards  the  rivers  and 
their  tributaries,  water  gatbcrs  those  organic  and  inorganic  impari- 
ties which  are  raoto  or  Icbb  associated  with  cnltiTated  and  uncaltivated 
lands,  and  with  sparsely  populated  oa  well  as  closely  populated  dis- 
tricts ;  and  when  percolating  and  travelling  tbrongh  the  earth,  water 
mixes  with  any  organic  matter  that  may  have  already  found  its  way 
into  the  ground  from  the  sorfaee,  while  its  chemical  qnalitioa  aro 
profonndly  Influenced  by  the  character  of  the  geological  formations 
through  which  it  passes,  and  by  its  miitnrq  with  salta  and  dissolved 
Bubstances  existing  in  the  earth.* 

When  the  rain  after  accumulating  in  the  bowels  of  the  earth  has 
found  outlet  in  springs,  and  has  taken  the  shape  of  rivers  and  streams, 
itiafhrtherpollntcd  by  the  influx  of  the  excrements  of  animals,  and  the 
liquidrefuseofalUdndsfromhumauhftbitationsinconsequonceof  those 
rivers  and  streams  acting  as  natural  drains  for  the  districts  through 
which  they  flow.  Moreover,  water  when  utilized  may  bo  aflected, 
and  often  is  affected,  by  the  materials  of  which  tanks,  cisterns,  and 
delivering  conduits  are  composed,  and  the  way  in  which  the  last  are 
jointed,  t 

XviU. — QoANTrrT  beqcired  for  Gonsitmption  and  Use.  The 
quantity  of  liquid  which  is  drunk  by  human  beings  necessarily  variea 
with  the  ago  and  occnpntion  of  the  consumer.  The  avei-iujo  quantiigr 
drank  by  both  sraces  of  all  ages  and  of  different  occupations  is  really 
very  small,  when  compared  with  the  quantity  we  are  accuatomod  to 
consider  is  required  by  the  population  of  this  country.  It  does  not 
roach  three  pints  per  head  a  day,  and  this  covera  every  doscriptioii 

*  "The  inSnenca  of  geolai;JCBl  rortDilion  apon  Ibe  pftlaUibiliQ'  nnd  nbolesomODGM  oT 
fM:fiHv  Ksfrr  is  ofli^Q  iuconEldorsble.  owine  to  Ibo  deposit  orpontr  mnttOTB  upon  the  cnr- 
fliOMDrUiD  rockB  itad  eoiln— DDpoUnUd  Kuiface  Traten  IVora  Om  moiit  wldulj  dilOnniC 
RvDioshal  foTBiUloiiB  dlBbting  bat  llOIo  in  tlie  proportiDnfl  or  orgsnic  niHtUir  nbich  tbay 
ooBtaiB ;  but  wBom  Uib  waier  percolitos  or  soBks  tbrongh  grent  [hioltnesBes  of  rook,  ita 
qoAlj^,  when  It  BtibHiqtKqitlj  nppoan  as  tpting  or  deep  reft  rnter,  dopcndi  ^natly 
DpoD  the  chemlal  obKransr  of  the  msUnal  tbrongh  which  i[  has  potwod.  Wban  ths 
RmnKUoii  contains  much  HlQble  cnline  mntlcr  the  naur  becomes  lotidod  with  minaial 
I  pOTCOlntee  Ihrough  cBitain  of  iho  carbon* 


pctmealfd  by  c 
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lioa  and  ths  wliftrong  marls.    When 
•ema  or  piutngcs,  like  (he  moanudu  bmc 
btillittio  n'om  Borfhcc  drainage,  and  retj 
ti  WTU  origins  11)-  charged, 
ily  poToufi  like  the  chalk,  oolite,  givEnian 
Srst  prcHent  Iq  the  water  is  gradnaU;  ox 
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•of  liqnid  consnmod.  It  savonrs  of  the  ridionlous  to  speak  of  water- 
famine  when  the  total  quantity  of  liqnid  (of  every  description)  drank 
by  each  person  does  not,  in  fact,  exceed  in  amount  the  quantity  of 
water  that  would  fall  as  rain  in  twelve  months  upon  a  good-sized 
umbrella  if  exposed  for  the  purpose  in  either  of  the  counties  of  Devon 
or  Cornwall.  From  the  Report  mi  the  Amiy  aiid  Navy  Diet  Scales  I 
find,  that  the  estimated  quantity  of  liquid  of  all  kinds  drunk  in  the 
two  services  averages  187^  gallons  per  head  per  annum,  or  about  two 
quarts  per  day.  Though  this  quantity  is  drunk  by  adults  of  the 
male  sex  it  is  some  criterion  of  the  quantity  drunk  by  men,  women, 
and  children,  and  it  will  not  be  wrong  to  assume  that  two-thirds,  or 
125  gallons  per  head,  is  as  much  as  is  actaally  consumed  by  a 
mixed  population  in  a  year.  Dr.  Parkes  says  that  an  adult  requires 
daily  from  70  to  100  ounces  (3^  to  6  pints)  for  nutrition,  but  about 
20  to  30  ounces  of  this  quantity  are  sometimes  in  the  solid  food.* 

The  water  we  drink,  however,  is,  as  we  all  know,  not  the  only 
water  that  affects  human  health.  All  water  mixed  with  solid 
food,  and  used  for  cooking,  and  I  would  add,  the  water  used  for 
personal  ablution,  and  for  the  washing  of  the  clothes  we  wear,  and 
the  utensils  used  in  cooking,  have  a  material  though  not  so  direct 
an  influence  on  our  sanitary  condition.  The  quantity  used  in  these 
different  ways,  when  added  to  that  which  is  drunk  in  one  shape  or 
another  by  the  various  descriptions  of  persons  and  communities  of 
which  all  populations  consist,  does  not  together  reach  eight  gallons 
per  head,  and  in  rural  districts  will  not  amount  to  half  that  quantity. 

Eight  gallons  may  be  safely  taken  as  representing  the  extreme 
quantity  of  water  required  of  which  the  quality  must  be  of  the  purest. 

The  additional  supply  required  for  every  household  purpose, — if 
the  rules  of  cleanliness  are  duly  observed, — including  the  water  used 
in  closets,  and  in  washing  floors,  <&c.,  as  well  as  that  used  in  stables, 
in  the  washing  of  carriages,  and  for  other  outside  purposes,  increases 
the  8  gallons  to  15  gallons  per  head.  All  beyond  this  quantity  taken 
for  private  use  is  mere  waste,  which  would  cease  to  exist  if,  in 
addition  to  a  fixed  charge  for  that  quantity,  every  consumer  paid 
for  what  he  had  besides. 

It  will  have  been  understood,  that  this  quantity  of  15  gallons  per 
head  is  exclusive  of  the  water  used  in  trade,  and  of  that  devoted  to 
public  purposes,  which,  taking  the  mean  quantity  used  in  ordinary 
towns — I  do  not  refer  to  towns  in  which  special  trades  prevail — will 


*  The  living  animal  is  made  up  for  the  most  part  of  water.    A'* model"  man  of  IMlbft* 
contains  116lb8.  of  water,  and  only  381bs.  of  dry  matter.— Jbikiuton. 


as 


WATER. 


be  fonnd  to  amount  to  10  gallons  per  bond,  thns  raising  the  tot^ 
ooDBamption  to  25  gallons  per  head.  I  have  found  dd  investigating 
tbe  quantity  of  water  nned  in  different  trades  that  as  much  as  two 
millions  of  gallons  per  diem  have  been  nsed  in  one  business  alone. 
It  is  difficult  to  strike  an  average,  when  such  extremes  as  this  are 
inclodeJ,  for  snch  a  quantity  would,  in  truth,  serve  a  town  ^^^  * 
population  of  80,01)0,  consuming  25  gallons  per  bead. 

Disregarding  such  extraordinary  uses,  1  believe  that  wo  may  take 
25  gallons  per  head  per  diem  as  an  ample  supply  for  the  generality 
of  towns,  while  15  gallons  will  suffice  for  rural  villages  ;  the  supply 
of  more  than  these  quantities  of  water  only  results  in  waste. 

XIX. — For  this  Section  see  tabulated  sheet  XIX. 

XXi — Ybaely  and  Monthi.t  Rai-nfail.  The  quantity  of  water 
placed  at  the  disposal  of  man  may  be  stated  to  depend,  primarily 
npon  the  amonut  of  rainfall,  and  secondarily,  upon  the  quantity 
thrown  off  the  surface  after  satisfying  vegetation — which  is  available 
for  storage  niove  ground — and  tbe  quautity  absurbcd  by  porona 
BnrfaccB  aftur  satisfying  both  ve);otation  and  evaporation — by  wliioh 
natnre's  ondergruund  storage  is  maintained. 

The  rain  falling  in  different  conutriea  and  places  varies  very  greatly 
in  quantity,  in  season,  and  in  the  ci  ream  stances  which  would  influcnoe 
its  collection,  conservation  and  nao. 


At  Cracow  the  an 

„  Brussels 

At  Calcutta 
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At  Washington 
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Qual  fall  is 


13j  inches. 
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For  onr  i>voscnt  object,  it  will  suffice  if  I  limit  my  observationfl  to 
the  annual  depth  of  rain  falling  upon  the  snrface  of  England  and 
Wales.      It  averages  32  inches. — Symong. 

In  England,  the  average  monthly  rainfalls  on  the  two  sides  of  the 
conntry,  east  and  west,  will  be  fonnd  to  closely  approximate  those 
pven  in  the  following  tabular  statement,  taken  from  The  Farm 
I  fiinnettcadi  of  England .— 


ratel 


as. 


oon 

ai 


edrl 


hi 

rel,  I 
•dm 


>n8. 


Pnblio  Use. 


Bemarks. 


Hardness  before  boiling  6<* ;  after  b(^]ing  2*4<* 


£100  per  annrnn. 


C  Stireet  water  3d.  per  load. 
•{  Flushing  12s.  6a.  p.  hour 
Cron 

No  charge. 


Street  water  gratis,  remr.ls. 
per  1,000  galls. 


9d.  per  1,000  gallons, 

6,000.000  ealls.  firee ;  2id.  per 
1,000  galls,  for  all  beyond. 


2id.  to  Is.  6d.  p.  1,000  ghis. 


£160  per  annom. 


No  charge. 


{Supply  Arom  Biver  Washbnm,  excepting  1  million  galls,  per 
diem  which  are  obtained  flrom  g^atnering  ground  at  Boonp. 
The  works  on  the  Washburn  are  not  Tet  completed. 
£600,000  (in  addition  to  £67.000)  have  been  spent  in  new  works, 
not  3ret  quite  complete,  and  £160,000  to  £200,000  more  will  be 
required  to  carry  out  scheme  as  sanctioned. 

The  construction  of  filter  beds  is  now  in  contemplation. 


(Tree  ammonia  *006,  albuminoid  ammonia  '034,  and  chlorine 
I  -07  per  100,000  parts. 


Analysis  1871,  free  ammonia  *0008,  albuminoid  ammonia  *007 
per  100,000  parts. 


CThe  Corpon^on  represent  \  of  the  share  interest  of  the  Water 
<  Comx>Bny,  hence  the  small  charge  for  public  supply. 
CAbout  one>half  the  poimlation  is  supplied  from  weUs. 

Chlorine  1*08  grs.  per  gallon ;  tree  ammonia  *06  millige  per 
Utre ;  albuminoid  ammonia  *32  millige  per  litre ;  nitrogen  1*78 
millige  per  litre ;  permanent  hardness  =  11  grs.  carbonate  of 
lime  per  gallon. 


The  water  from  the  rirer  Ely  is  gathered  in  a  perforated 
brick  culvert  laid  along  the  bank  of  the  river  in  sand  and 
gravel,  overlying  New  Bed  Sandstone.  Diameter  of  cul- 
vert a'xi' 


The  works  belong  to  a  private  company. 

In  addition  to  water  charges,  a  special  rate  of  8d.  if  levied  to 
pay  off  cost  of  works  in  30  years. 


Total  fixed  solids  16*800;  organic  matter  1*141  grs.  per  gallon. 


rThe  quantity  supplied  for  trade  use  is  sniiplied  from  a  mill* 
t  stream  passing  through  the  town. 
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In  the  higher  gronads  of  the  wo3t,  the  animal  depth  ranges  from 
30  to  75  inches,  while  in  the  flatter  lands  of  the  east  it  varies  from 
17  to  35  inches.  The  total  quantity  of  rain  which  falls  on  an 
avernge  of  years  on  the  snrface  of  England  and  Wales  amonnts  to 
27,01  &, 632,000,000  gallons.  This  gives  an  average  covering  of 
723,90i  gallons  to  an  acre  of  snrface.*  Of  course  these  figarea  do  not 
afford  any  very  tangible  data  for  practice,  as  each  requirement  mnat 
stand  on  its  own  merits,  but  they  give  evidence  of  the  ample  scope 
which  is  at  the  engineer's  command  for  providing  a  supply  of  water 
for  all  purposes. 

They  show  that  each  acre  of  snrface, — even  in  the  eastern  districts 
of  England,  where  the  average  rainfall  does  not  ezcned  half  that  of 
theweatem  districts — receives  as  rain  nearly  80  times  as  much  water 
as  an  average  member  of  the  population  requires. 

At  Greenwich,  where  reliable  guaging  has  been  adopted  since 
1815,  the  annual  average  from  that  date  has  been  25'36  inches,  the 
maximum  reaching  (1821)  363  inches,  and  tho  minimum  falling  to 
1(J'8  inches.  The  maximum  is  generally  estimated  by  ougineers  to  be 
one-third  in  excess  of  the  average  rainfall,  and  the  minimum  one- 
third  below  it. 

Mr.  George  Dines,  the  well-known  builder  of  Pimlico,  has  pre- 
pared some  very  interesting  diagrams  and  tables  showing  the  rain&ll 
in  the  metropolis  for  the  last  60  years,  and  the  mean  quantity  of  rain 


An  inch  of  nia  fUUn^  on  an  acn 
only  be  oollecud  a  lupply  will  b 

ftll  ibeTMrnnndirlUkHgaiia 


iraurfnosRlTHXa 


dne  to  tmcli  month.     Tho  roanlt  places  the  different  months  in  the 

following  order,  and    I  have  added   for   comparisou   the  moallily 
raiafoll  of  tho  ca-'item  and  wostern  sides  of  England  : — 


i8u-n. 

BslDbU 
In  Metro- 
polU. 

A.tenge  Bniti- 
bit  oT  the  But 
imilWMtaia™ 
QfBnBUnd. 

,„.-.. 

IDklDMl 

InMetni- 
polu. 

Avan^Riun- 

lUiorih.Kut 
uilWcBiSiilw 
of  B-Blimd. 

KuLt. 

W«l. 

Eut 

We«. 

i'S6 
1-01 

8^1 
I'M 

3-»a 

February  

Ins. 
1113 

IM 

l-sB 
W6i 

Ion. 
3M 

I'M 

M'U 

«0S 

From  these  fignrea  it  will  be  seen  that  the  wettest  montha  of  tho 
year  in  London  are  September,  October,  Jaly,  and  November,  and 
that  there  ia  only  sumo  slight  difference  Id  this  particular  between 
London  and  the  rest  of  the  country.  With  the  exception  of  July 
these  months  occnr  when  summer  is  on  the  close,  when  vegetation 
no  lougei"  requiroa  the  same  enpport  of  moisture  as  previously,  and 
when  evaporation  necessarily  hccomea  less  active  with  increased 
moiatnro  and  reduced  temperature.  It  is  when  such  couditiona 
prevail  that  the  larger  proportion  of  the  rainfall  is  i-endered  available 
for  use  by  storaga  above  ground  if  colleeted  from  saturattid  and 
imporvious  surfaces,  or  serves  to  repluniKh  the  aubterraneaJi  supply 
which  nature  stores  under  our  feet  in  the  water-bearing  stiuta.* 

It  will  be  found  that  in  accordance  with  the  amount  of  the  win- 
ter's rainfall,  especially  that  of  the  months  of  September,  October, 
and  November,  so  will  the  following  summer's  subterranean  supply  be 
decreased  or  increased  in  some  measure  by  the  amount  of  the  rainfall 
of  the  antecedent  winter.  If,  for  instance,  two  dry  winters  succeed  each 
other  the  drought  of  the  following  summer  will  bo  proportionately 
iocreascd.  The  fiillowiug  tabular  statement  shows  tho  relative  quan- 
tities of  rain  (hut  have  &.IIen  in  winter  and  summer  during  the  last 
six  years,  and  this  may  be  studied  very  usefully  in  connection  with 
the  tables  given  in  tho  next  section  ;— 


Xr.  Hkwkalay.  C.e.,  beToro  the  Wuer  Supply  OQmTui 
moDlbi  Id  uch  fur  for  M  ynuB,  irluch  LbiI  tho  an 
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Lvsiage  of  Uio  all  ysara,  30'M  Inchea. 


XXI. — Ihpiltbation  q¥  Bain  by  Absorbent  Soils  in  Sdmheb  a^id 
WiHTER.  The  proportion  of.the  rainfall  absorbed  by  and  penetrating 
a  porous  snr&ce  to  maintain  the  river  systems  varies  considerably. 
On  an  average  of  years  we  find  that  from  one-fonrth  to  one-third  of  the 
raiofall  according  to  the  natnro  of  the  soil  and  state  of  husbiuidry  thus 
descends  to  the  subterranean  levels.  The  quantity  which  infiltrated 
the  cbatk  district  in  the  neighbourhood  of  Ejng's  Langley  torepleni.sb 
the  springs  and  rivers  of  that  neigLbonrhood,  was  ascertained  and 
recorded  by  the  late  Mr.  Dickenson,  the  well-known  paper  maker  of 
King's  Lang  ley  and  Hemel  Hempstead,  up  to  the  time  of  his  death,  by 
means  of  a  gauge  devised  by  Dalton  ofManchester.  The  records  have 
been  continued  from  that  date  by  his  successor  Mr.  Evana,  the  Presi- 
dent of  the  Geological  Society.  Thegaugeisfixedinthoground  three 
feet  below  the  surface,  and  not  only  is  the  quantity  of  rain  that  fiiids 
its  way  down  to  it  indicated,  but,  by  deducting  that  quantity  from 
that  which  falls  on  the  surface,  and  which  is  carefully  ganged  and 
recorded,  the  observer  may  ascertain  the  amount  of  water  evapo- 
rated. 

The  following  table  gives  the  rainfall  and  percolation  (through 
Dalton'a  Qange,  filled  with  surface  soil)  at  Nash  Mills,  Hertfordshire, 
from  the  year  1835  to  1860 :— 
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Year. 


1886-6 

1896-7 

ld37-8 

1838-9 

1839-40 

1840-1 

1841  8 

1842-8 

1843-4 

1844-6 

1&16-6 

l»16-7 

1847-8 

18-18-9 

l»l9-60 

1860-1 


Wintat, 

« 
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1 

1 

s 

1 
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Ins. 

16-39 

14*27 

16-71 

13-81 

9-81 

6-46 

12-68 

8-69 

14*71 

18-69 

10-82 

8-10 

16-66 

17-98 

13-46 

9-34 

16-41 

8*86 

1311 

7*10 

18*93 

9-01 

12-93 

6-84 

16-84 

8-94 

18*40 

6-22 

8*68 

1-44 

14-71 

8-49 

Simuiiflf* 


Ins. 
12*20 

9*80 
10*81 
17-41 
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16*96 
12-16 
14*04 
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11*67 
11*60 
11-31 
13'00 
18-91 
11-82 

9*26 
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2*10 
•10 
•12 

8-60 


1*80 
•99 


•70 


•04 


Winiflr. 


I 


1861-2 
1862-8 
1868-4 
1864-6 
1866-6 
1866-7 
1867-8 
1868-9 
1869-60 


Ins. 

10.76 

20-27 

9-66 

9*82 

14-48 

U-96 

11*81 

9-64 

16-49 


Ins. 

8*66 
10*74 

4*82 

2^46 
6-82 
8*78 
6-64 
-09 
9*27 


Average 267ean  18*817'    7*606 


Diflbrenoe— eva- 
porated or  lost 


6*811 


Ins. 
19*97 
16*79 
9*47 
12*66 
14*86 
14*11 
12*27 
18-81 
80*40 


Ins. 
1-00 

-M 

09 
8*79 
I'll 

-80 

8-16 


18-298.      -7U 


18-671. 


Total  average  rainfall 
Percolation 
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•••   •••   •••   ••• 


•••   ••• 


•••   ■••   •••   ••• 


86-609  Inches. 
8-887 


Diflbrenoe— evaporated  or  lost 


.*•    ••. 


18-888 


•» 


•» 


On  comparing  this  table  with  one  which  was  contributed  to  the 
Proceedings  of  the  Institution  of  Civil  Engineers  by  Mr.  Charles 
Gh-eaves,  C.E.,  the  Engineer  will  find  the  records  of  Messrs.  Dickenson 
and  Evans,  confirmed  if  allowance  is  made  for  difference  of  soil : — 

TABLE  OP  RAINFALL  AND  PERCOLATION  (THROUGH  DALTON'S  OAUGB,  FILLED 
WITH  NATURAL  SOIL)  AT  LEE  BRIDGE   DURING  THE  TEARS  1852  TO  1873. 
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Table — GonHnued, 


Bain. 

Penxdation. 

Year. 

Quarter  ending. 

Quarter 

Year 

Quarter 

Year 

InB. 

Ina. 

Ina. 

Ins. 

1871 

Soptember 

8-916 

29*019 

0-076 

8*162 

Deoembor    . 

S-&16 

24063 

1-937 

6-187 

1872 

March   ...    . 

8-208 

26-831 

4-860 

7-247 

June      ...    . 

7-624 

28-393 

1076 

7-947 

September  .. 

7-020 

26-497 

•  •  « 

7-872 

December    . 

14-312 

37166 

6100 

12036 

1873 

March   ...    . 

6020 

34-976 

2-937 

10-009 

June      ...    . 

6-062 

32-414 

•  •• 

9037 

September  .. 

6-876 

32-209 

•  •• 

9037 

Dumber    .. 

6-812 

23-770 

1-112 

4-050 

Inches. 

Total  avcrag( 

9  rainfall... 

•tff                ■•• 

«•«        ... 

25-837 

D 

0. 

percolation 

•••                ••• 

...        ... 

6-866 

Diflbrenoe  evaporated... 


18-971 


Comparing  the  resnlts  of  the  two  series  of  observations,  it  will 
bo  seen  that,  while  the  average  amounts  of  rainfall  differed  less  than 
one  inch,  the  quantity  of  rain  that  found  its  way  down  to  the  gauge 
at  Hemel  Hempstead  exceeded  that  at  Lea  Bridge  by  about  1^ 
inches,  the  former  being  8*227  inches,  and  the  latter  6*866  inches. 
It  should  be  observed  that  in  neither  case  has  any  overflow  been 
recorded,  so  that  the  rainfall  which,  on  occasions  of  storms,  would 
to  some  extent  run  off  the  surface,  has  been  included  in  the  perco* 
lated  quantity. 

XXII. — Quantity  of  Rainfall  Evaporated  or  Lost  from  Ab- 
sorbent AND  Non-absorbent  Surfaces.  The  difference  between 
the  amounts  of  rainfall  and  percolation  given  in  the  foregoing  tables 
represents,  as  I  have  stated,  the  amount  of  rain  lost  each  year  by 
evaporation,  including  the  small  proportion  which,  with  undisturbed 
soils,  would  overflow  even  a  porous  surface  at  times  of  extreme 
down&lls  of  rain,  when  the  i-apidity  of  descent  will  prevent  absorp- 
tion. For  practical  purposes  we  may  assume  that  from  17  to  22 
inches  are  lost  by  evaporation  from  the  porous  surfaces  of  this 
country. 

The  proportion  of  rainfall  evaporated  and  "lost"  from  non. 
porous  surfaces  is  quite  another  matter,  and  I  am  not  in  pos. 
session  of  any  data  by  which  to  give  the  amount.     Engineers  are 


I 


I 


> 


aconatomcd  to  adopt  arbitrary  rules  of  their  own — modified  by 
ths  oircnmstancea,  phjBicn.1  and  meteorological,  of  each  case — wlien 
thoy  deBiTB  to  arrire  at  the  nott  qnantity  of  water  which  can  be 
collected  from  varioua  gathering  grounds,  and  there  is  ample  reason 
for  the  practice.  Mr.  Bateman,  C.E.,  states  the  loss  by  evaporation 
to  vary  from  9  to  16  inches,  "  the  nveroge  being  12  inches."  The 
late  Mr.  Hemane,  C.E.,  considered  that  "  the  mean  will  amonnt  t-o 
12  or  14  inches."  Mr.  Duncan,  C.E.  (Liverpool),  found  by  actual 
moasuremGnt  that  the  loss  varied  very  little,  though  the  difference 
of  rainfall  was  considerable.  He  coiiaidered  11  or  12  inches  was 
the  "constant"  loss  (at  Liverpool).  Mr.  Hawksley,  C.E.,  has 
stated  that  "  it  amounts  rarely  to  so  little  aa  11  and  12  inches,  and 
very  commonly  upon  hilly  ground  to  13, 14,  aad  15  inches."  "Erapo- 
ratiou,"  says  Mr.  Hawkaley,  "  is  more  nearly  IS  inches  than  any 
other  qnantity." 

XXm. — Qdantitt  of  Rainpall  thrown  off  PEnviona  asd  Im- 
PEttVlOUS  Surfaces  and  available  fob  Storaoe.  The  quantity  of 
water  in  exccsa  of  that  which  is  absorbed  and  evaporated  from  pervioua 
(or  porous)  snrfacofl,  and  impervious  (or  non-porous)  surfaces,  and 
which  runs  off  the  surface  into  our  rivers,  and  by  our  rivers  to 
the  sea,  and  is  therefore  available  for  ston^e  on  tha  surface,  neces- 
aarily  varies  as  much  as  any  other   condition  affecting  the  water 


Taking  a  genera!  view  of  the  matter,  it  may  be  stated  that  on  the 
northern  and  western  side  of  the  country,  including  Wales,  the 
amount  of  surface  water  at  the  disposal  of  man  for  storage,  though 
it  varies  in  different  parts  in  a  remarkable  degree,  cannot  be  less  on 
on  average  than  20  inches,  if  we  include  in  the  estimate  the  highest 
and  mountainous  surface  found  in  the  wettest  diatricta. 

In  the  Midland,  Southern,  and  Eastern  Districts  the  mean  depth  of 
water  run  off  in  the  shape  of  floods  and  freshets,  and  in  like  manner 
available  for  storage,  has  been  represented  to  be  six  inches,  though, 
if  the  outflow  of  the  Thames  may  be  taken  as  a  criterion,  a  less 
quantity  would  perhaps  be  more  correct. 

Some  interesting  information  bearing  on  this  point  was  given  by 
Mr.  J.  Thomhill  Harrison,  before  the  Water  Supply  Commission  in 
18G7,  from  which  it  appeared  that  the  average  annual  dn/  weather 
outflow  of  the  Thames  was  C'8C  inches.  The  period  of  observation 
extended  over  11  years,  from  tho  let  April,  1855,  to  the  31st 
Maroh,  1866,  during  which  time  the  mean  annual  fall  of  rain  in  the 
Thames  Basin  was  27'?4  inches,  while  tho  mean  annual  discharge  of 


io 


WATEtt. 


water  by  tho  river,  moaBurcd  at  Kiaggton,  was  9'25  inchoB,  or  2*39 
inches  more  than  the  average  dry  weather  outflow  jaat  noted. 

The  miDmrnni  animal  discharge  of  the  Thamea  dnring  the  11 
yeu«  was  that  of  the  year  ending  tho  31at  March,  1850,  when  it 
was  reduced  to  5-49  inches,  oi-  1'37  inches  below  tho  average  dry 
weather  outflow.  The  rainfall  of  the  year  1857  had  heen  22-76 
inches,  and  that  of  1858  '24C0  inches,  with  a  remarkably  diy  winter 
intervening.  The  Engineer  will  apply  these  figures  in  connection 
with  Sootions  SXI..  XXn.,  XXIH.,  and  LXIV. 

XXXV. — Watbeb  CLASsrnEc  asd  Analtsed  AcconcrNG  to  Socrcb. 
To  exhibit  the  qnalitj  of  water  to  bo  obtained  from  different  soarcos 
there  is  no  better  classification  than  that  by  which  I  have  already 
traced  the  passage  of  water  from  tho  condeaBation  of  atmospheric 
vapour  into  rain  to  its  outflow  from  the  earth. 

In  the  sixth  report  of  the  Rivers  Pollntion  Commissioners,  which 
ifl  a  comprehensive  exposition  of  the  cliemical  view  of  the  water 
question,  tho  different  waters  obtainable  in  this  country  are  treated 
in  this  order,  and  their  classification  is  given  in  the  following 
terms  : — (1)  Rain  water ;  (2)  Upland  surface  waters  from  nnoiil> 
tivaied,  or  bnt  slightly  cultivated,  surfaces  not  manured ;  (3)  Sur- 
face watcTB  from  cultivated  lands ;  (4)  Shallow  well  waters ; 
(5)  Deep  well  waters ;  and  (6)  Spring  waters. 

The  following  analyses,  from  the  same  report,  show  the  composition 
of  water  derived  from  these  different  sources  ; — 

ATBBAGE   COMPOSITION  OF  WATER3  DEBITED  FROM  VAKIOCS  SOURCES. 
(JZiHld  cfAnoljpautrcuriinpariiiifTVX.VIIi.) 
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XXV. — AyERAiE  CoMroaiTiON  of  Unpolluted  Watehs.  In  tho 
"  conclaBions  "  arrived  at  by  tlie  Rivora  Pollution  CommiBsionera, 
and  set  forth  in  the  report  rofcrred  to,  the  average  coiBpositioii  of 
"  nnpollatod  waters  "  in  givou  iu  the  following  form. 
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Without  professing  to  appreciate  thoroughly  the  expression  "  pre- 
viona  sewage  or  aaimal  contamination,"  which  is  the  heading  to 
one  of  the  colnmns,  1  give  these  figures  because  they  may  serve 
as  "  attainable  standards  "  of  pure  wat«r  (from  whatever  source  it 
may  be  derived),  by  leaving  ant,  if  desired,  the  speculative  colnma 
just  referred  to. 

XXVI, — Clabsifibd  Kesttltb  of  the  Qrehical  Amaltsbb  or 
Watebs.  The  chemical  examination  so  carefully  ^ven  to  the  sabject 
led  the  Commissioners  to  adopt  the  following  dividon  of  watera 
in  the  order  of  quality  :— 

"  Wholesome  "  waters  were  declared  to  consist  of 

1.  Spring  water. 

2.  Deep  well  water. 

3.  Upland  surface  water. 
"  SospiciouB  "  waters  to  be 

4.  Stored  rain  water. 

5.  Surface  wat«r  from  cultivated  land ;  and  the 
"Dangerous  "  waters  to  be 

6.  River  water  to  which  sewE^  gains  access. 

7.  Shallow  well  water. 


3*  WATER. 

Numbers  1  and  2  were  stated  to  be  "  very  palatable  j "  3  and  4 

"raodemf^ly  pBlatablp;"  and -S,  r>,  and  7  "  palatable."  Preference 
is  given  to  spring  and  deep  well  wat-era  for  purely  domestic  par- 
poses  over  npland  surface  waters. 

The  conclnsiona  come  to  by  tbe  Rivera  Pollution  CommisBioners 
may  be  snmmed  up  in  the  following  terms  under  tbeir  respective 


XXVTT. — Whoiesome  Waters.  Of  all  the  wafers  obtainable  in 
this  country  those  that  receive  the  preference  of  the  Commissioners 
are  spnog  and  deep  well  waters.  Such  waters,  tbey  say,  are  of 
inestimable  value  to  communities,  and  their  conservation  and 
ntilJBation  are  worthy  of  the  greatest  efforts  of  those  who  have  the 
public  health  under  thoir  charge.  They  say  also,  that  water  col- 
lected from  the  surface  of  uncultivated  lands,  when  filtered  throoglt 
sand,  constitutes  upland  surface  waterof  good  quality  for  doraestio  ase, 
and  of  still  better  quality  for  manufacturings  pnrposes.  It  is  nearly 
always  wholesome,  but  sometimes  suffers  in  palatability  from  ooa> 
taiuing  an  excessive  quantity  of  peaty  matter  in  solution. 

XX  V  III. — ScspicTODS  Watebs.  Of  these  the  Commissi  oners  say 
that  when  rain  from  specially  cleansed  surfaces  is  collected  at  a  distance 
from  towns,  and  kept  in  clean  receptacles,  it  "contains  the  smallest 
proportion  of  total  solid  impurity,  but  the  organic  contamination 
even  of  snch  specially  collected  water  somewhat  exceeds  that  of  water 
from  springs  and  Jeep  wells."  Rain  water  collected  from  the  roofs 
of  houses,  and  stored  in  underground  tanks,  they  state  to  be  mach 
more  impure,  while  the  water  collected  from  the  surface  of  culti- 
vated lands,  and  from  the  under-drains  of  cultivated  lands,  is  always 
more  or  less  polluted  with  the  organic  matter  of  manure,  even  after 
Bnhsidenoe  in  lakes  or  reservoirs.  Such  polluted  surface  or  drain- 
age water  is,  they  declare,  not  of  good  quality  for  domestic  pni-. 
poses,  hut  it  may  be  used  with  less  risk  to  health  than  pollated 
shallow  well  water,  if  hnman  excrementitious  matters  do  not  foma 
part  of  the  manure  applied  to  the  land. 

XXIX. — Daxgerous  Waters.  In  tliia  class  the  Commissioners 
prominently  place  rivers  and  streania  to  which  sewage  gains  access. 
They  say :  (1)  that  when  the  sewage  of  towns  or  other  pollufioff 
organic  matter  is  discharged  into  running  water  it  is  not  possible 
to  render  that  water   fit  for  drinking ;    (2)  that  tbe  admixtni^ 


r  a  small  quantity  of  the  specific  poisons  capable  of   prodacing 
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cholera  and  typhoid  fover  with  a  larfre  volume  of  drinking  water  is 

~  '  "  r  the  propagation  of  those  diseases;  (3)  that  " there 
is  no  river  in  the  united  kingdom  long  eoongh  to  e 
oxidation  and  destrnutioti  of  any  sewage  which  may  be  discharged 
into  it  even  at  its  source ;"  (4)  that  artificial  filtration  conatltntea 
no  effective  safeguard  against  the  propagation  of  those  epider 
by  polluted  water ;  and  (5)  with  respect  to  "  shallow  well  water," 
they  state  that  whenever  the  wells  are  situated — -as  is  Qsnally  the 
case — near  privies,  drains,  and  cesspoolB,  it  is  more  daugomua  than 

The  CommisBioDerB  therefore  recommend  the  abondonment  of 
rivers  generally  as  a  source  of  water  supply  wherever  the  liqnid 
refnse  of  hnman  habitation  is  admitted  into  them,  and  they  nn- 
hesilatingly  state  that  both  the  River  Thames  and  the  River  Lee 
should  be  abaniioned  as  a  sonroe  of  wafer  snpply  for  domestic  use. 
In  speaking  of  the  Thames  they  say  that  "there  is  no  hope  of  this 
disgusting  state  of  the  river  being  bo  far  remedied  as  to  prevent 
the  admixture  of  animal  and  other  offensive  matters  with  the 
filtered  Thames  water  as  delivered  in  the  metropolis.''  They  there- 
fore recommend  that  "  the  Thames  should,  as  early  as  possible,  be 
abandoned  as  a  source  of  water  for  domestic  use."  In  speaking 
of  the  Lee  they  say  "  the  water  of  the  Lee  is  slowly,  thongh 
irregularly,  deteriorating  from  year  to  year,  and  there  is  no  hope 
of  purifying  it  to  such  an  extent  as  to  render  it  at  all  times  safe  for 
domestic  use."  Consequently  they  "recommend  that  the  Lee  should 
be  also  abandoned  as  a  source  of  potable  water." 

And  as  to  the  waters  of  shallow  wetls  the  Commiasioners,  having 
examined  many  samples  from  wolls  in  dilferent  geologioal  forma- 
tions, declare  them  to  be,  with  very  few  esceptions,  "  entirely  unfit 
for  human  consumption."  In  speaking,  however,  of  those  in  the 
new  red  sandstone  they  say  that  owing  to  the  highly  oxidizing 
power  of  the  soil  of  this  formation,  the  proportion  of  organic  matter 
is  generally  more  moderate  than  that  mot  with  in  unpolluted  sup. 
face  waters. 

XXX. — The  Esoineeb's  Vibw  or  the  General  Qhestioh  or 
Water  Scjpplt  as  Tiica  presented  by  the  Chemist.  Such  are  the 
oonclnsions  arrived  at  by  the  Rivers  Pollution  Commission  on  the 
most  recent  chemical  investigation  of  the  qneafion.  Dr.  Edward 
Frankland,  one  of  the  most  eminent  eheniistfl  of  the  present  age,  woa 
the  leading  member  of  thai  CornmiHsioa,  and  the  report  in  which  hts 
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concloeions  are  expreH.sed  wiD  donbtleas  become,  in  the  hands  of 
atndents,  a  fert-book  on  the  chemistry  of  our  national  watRr  supply. 
The  EngJDoer,  however,  mnat  condescend  to  a  practical  view  of  the 
question,  and,  without  disregarding  the  valuable  labonra  of  the 
Gommisaion,  give  fulJ  cocaideration  to  those  local  features  and  capa- 
bilities which  govern  cost,  and  which  will  therefore  inflaence  the 
Belection  of  the  source  of  supply  in  a  greater  or  less  degree. 

x'xx  j — Of  so-callkd  "  Wsolisomh  Waters  " — SpBnras. 
Wherever  springs  bursting  naturally  from  the  ontcrops  of  impci^- 
vious  strata  in  high  grounds,  or  rising  by  pressure  in  valleys — 
■which  the  Commissioners  consider  equal  or  superior  in  quality  to 
the  waters  of  deep  wells — are  available,  the  Engineer  invariably 
turns  them  to  account.  Unluckily,  howei'cr,  springs  of  a  superior 
potable  quality,  and  of  available  quantity,  exist  oidy  in  exceptional 
places.  They  are  extremely  variable  in  character,  and  cannot 
therefore  be  considerered  as  a  sourpe  of  sapply  which  can  be 
generally  or  even  frequently  adopted. 

XXXII. — Op  so-callkd  "Wholesome  Wat ebs  "—Deep  Wklls. 
Ho  Engineer  will  deny,  as  a  general  proposition,  that  water  whicb 
has  passed  through  natural  soil,  unaffected  by  any  mineral  imparity, 
to  deep  Bnbterranoan  levels  in  the  water-bearing  strata,  is,  where 
available  for  nse.  the  most  acceptable  of  all  waters  for  drinlciog 
purposes.  Any  organic  matter  which  it  may  have  contjiined  ^ill 
have  been  perfectly  oxidized  and  transformed  into  innocaoas  mineral 
compoDuds  when  passing  through  the  acratnl  soil,  but  inasmnch  as 
the  obtaining  oE  water  froni  deep  wells  ia  attended  with  many  dia-  . 
advantages,  besides  that  of  the  great  cost  incurred  in  sinking  and 
pnmping,  the  Engineer  cannot  looic  forward  to  any  very  extended  use 
of  this  source  of  supply  for  small  villages,  or  for  isolated  dwellings. 

I  shall  hereafter  address  myself  to  the  subject  of  deep  wella, — 
at  the  present  time  I  will  only  point  ont  to  the  Engineer  that  at 
Iiiverpool,  where  the  water  used  iu  the  town  is  partly  obtained  from 
wells  snnk  in  the  new  red  sandstone,  the  supply  from  that  source  ia 
gradnallv  li.'ssoning.  and  that  to  obtaio  the  same  quantity  from  the 
Bootle  Well  as  heretofore,  the  authority  has  had  "  to  go  down  some- 
where over  50  feet."  (See  Mr.  Duncan's  evidence  before  the  Water 
Supply  OommisHion,  186?,  and  also  Extract  from  Report  of  Mr, 
Deacon  (1875),  Apjjeiidix  P). 

That  the  effect  of  sinking  deep  wells  in  the  new  red  sandstone 
» to  lower  very  sensibly  the  water  level,  is  snpported  by  the  fact 
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that  when  the  Corporation  of  Liverpool  sunk  the  Doclley  Lane 
Well,  auoh  WRB  the  inflnouce  it  had  nnon  other  wells  in  the  vicinity 
that  several  became  drj,  and  the  owners  converted  them  into  ceeB- 
pits  for  their  hquid  Bewogo,  which  in  Us  torn  found  its  way  into  the 
Dudley  I^ne  Well. 

We  ate  told  also  by  the  Rev.  James  Clntterhnck,  whoBe 
researchea  have  been  rewarded  by  a  general  acknowledgment  of 
their  great  truth  and  value,  that  ia  the  chalk  under  Loudon, 
into  which  many  wells  hnve  been  Bunk,  the  present  water  level 
compared  with  what  it  was  fifty  years  ago,  hafl  been  depressed 
50  feet  (see  the  evidence  of  Rev.  J.  Clnlterbnck  before  the  Water 
Supply  Commissi  oners)  showing  distinctly — in  the  face  of  much 
that  may  be  said  in  favour  of  deep  wells  as  a  nieans  of  supplying 
tlie  Metropolis  with  water— that  even  in  the  case  of  so  wide 
an  area  as  the  London  Basin,  the  supply,  if  theoretically  inexhaustible, 
can  only  be  utilized  by  a  disregard  of  existing  interests  and 
a  diaorganisatioa  of  the  Thames  Eiver  Sjatem.  (See  section 
showing  the  deolension  of  the  water  level  under  London ;  Draw- 
ing II.,  Appendix).  Nothing  could  make  this  more  apparent 
than  the  fact  that  the  great  London  brewers — even  those  having 
wells  on  different  aides  of  the  river— have  been  obliged  to  &ccom< 
modate  one  another  by  pumping  on  alternate  days.  Some  experience 
of  the  eSect  of  pumping  a  largo  quantity  of  water  out  of  the  chalk 
of  tlie  London  basin  will  soon  be  afforded  hy  the  Colne  Valley 
scheme,  juat  brought  before  the  public. 

At  Southampton,  Ipswich,  Harwich,  and  other  places,  attempts 
have  at  different  times  been  made  and  abandoned,  because  in  some 
places  there  was  an  entire  absence  of  water,  and  at  others  an  insuffi- 
cient supply,  while  in  certain  cases  wells  npon  which  large  sums  of 
money  had  been  eipended,  have  been  declared  useless  from  the  water 
being  salt  or  brackish,  owing  to  the  influx  of  tidal  or  sea  water  or 
to  the  presence  of  salt  rocks  in  the  formation,  Moreover,  the 
constant  expense  of  raising  water  from,  deep  subterranean  sonrces, 
though  a  matter  of  indifference  to  wealthy  cities  and  large  towns, 
and  even  to  the  owners  of  lai^o  breweries  and  trade  factories,  is 
oft^n  so  formidable  as  to  put  such  a  supply  out  of  tho  reach  of  small 
village  communities  and  private  individuals  scattered  over  the  face 
of  rural  districts.     (See  Section  LXIV.) 

XXXIII. — Of  SO-CALLED  "WhOLESOHB  WatKRS  " WlTBS  COL- 
LECTED FBOM  UncOL'ltvated  Subfaues,  In  mountainous  and  hilly 
dtatriots,  where  sufficient  areas  of  impervious  gatliering  groands 
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can  be  found,  the  best  meaiie  of  sappty — because  it  ia  of  a  chardcter 
over  which  the  Engineer  lias  moat  command — ia  that  which  tJio 
Rivera  Pollntion  Cnmrniasionera  have  placed  third  aod  last  on  tlie 
list  of  "  wholesome  waters."  I  refer  to  the  storage  of  rain  water 
thrown  off  nncaltivated  snrfnoea  and  collected  before  it  becomes 
contaminated  by  foreign  matters. 

In  the  northern  and  north-western  dLitricts  of  England  the 
rainfall  of  the  higher  grounds  ia  at  present  collected  and  stored  for 
the  use  of  tnanj  of  our  manufacturing  towns,  and  esperienco  bas 
proved  the  superiority  of  the  supply.  The  Sanitary  Engineer  will 
find  many  examples  in  tbia  country  which  he  would  do  well  to 
Btudy.  The  water  works  tor  the  supply  of  Glasgow  and  GreenoolE, 
in  Scotland,  and  those  of  Manchester,  ShefBeld,  Barnsley,  and 
many  other  places  in  England,  are  admirable  specimens  of  the  kind 
of  aoarce  to  which  this  section  refers.  Profiting  by  this  eiperience, 
it  has  been  proposed  to  convey  waters  that  may  yet  be  coUected  and 
stored  in  these  districts  to  the  metropolis  and  other  popoloos  places; 
but  as  the  droughts  of  recent  years  have  proved  that  scarcity  may 
be  felt  even  in  the  midst  of  abundant  aeerage  rainfalls,  this  proposal 
has  not  gained  favor,  particularly  since  it  baa  been  advanced, 
with  much  force,  that  until  the  resources  of  each  river  basin  have 
been  exhausted,  it  would  be  opposed  to  national  economy  to  appro- 
priate the  supply  naturally  belonging  to  other  diatricts.  It  is  held  that 
the  adoption  of  this  proposal  would  prevent  the  fatui«  growth  of  those 
indnstrial  communities  which  bavc  located  themselves  in  particular 
parts  of  the  country  in  consequence  of  this  very  supers bundaiioo  of 
vfater. 

The  conBict  of  opinion  entertained  on  this  question  must  have 
an  important  inUuence  on  the  work  of  the  Engineer,  and  the  words 
of  the  Royal  Commission  on  Water  Supply,  that  "  no  town  or  dis- 
trict should  be  allowed  to  appropriate  a  source  of  supply  which. 
natorally  and  geographically  belongs  to  a  town  or  district  nearer 
to  BDch  source,"  will  meet  with  general  approval. 

XXXrV. — Itbinkthatlhavesaidquiteeuoughon  tbeclass  of  waters 
declared  by  the  Rivera  Pollution  Commissioners  to  bo  "  wholesome," 
and  therefore  preferable  to  all  others,  to  show  that  the  Engineer  must 
in  many  instances  have  regard  to  other  considerations  besides  those 
of  superiority  of  quality.  The  question  then  arises  from  what  sonrcea 
is  good  potable  water  to  be  obtained  in  districts — notably  those  oq 
the  eastern  aide  of  England — in  which  towns,  villages,  and  isolated 
dwellings  now  derive  their  supply  for  the  most  part  from  rivers  and 
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Bliallow  wells  ?  This  queBtion  has  become  a  very  urgent  one  with 
Bngineers  now  that  the  Kivers  Foliation  Commiasioners,  without 
pointing  out  any  other  tangible  moans  of  supply,  I 
condemned  both  sources  and  expressed  very  grave  donbta  as  to  the 
ralae  of  rain  water,  of  water  irota  roofa,  and  of  the  water  to  be 
gained  from  under- drainage. 
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—Of  so-CiLLKD  "  StrsPictoos  Watkbb," — Watkbs  to  bb 

COLLECTED   FROM   EoOFS   AUD   OTHER  SiJBFACES    BEKDKBED  ABTIFICIALLT 

mPGRUKAJiLE.  If  for  the  reasons  already  stated  we  cannot  obt^n  deep 
well  water,  or  spring  water,  or  water  from  npland  (an cultivated)  aur- 
&£eBfor  those  towna  and  villages  and  dwellings  which  are  scattered 
over  the  rural  portion  of  the  country,  we  are  necessarily  obliged  to 
have  rtiooarse  to  those  waters  which  are  pronounced  by  the  Rivera 
Foliation  Commissioners  to  be  "suspicious,"  i.e.,  water  collected  from 
roofs  and  impermeable  (artihcially  made)  i^urfacefi,  water  to  be 
obtained  from  cultivated  lauds,  and  the  water  from  under- drainage. 
These  waters,  they  declare — ae  I  have  already  said — to  be  always  more 
or  tese  polluted  with  organic  matter ;  but  iu  the  face  of  that  jadgment 
I  am  disposed  to  believe  that  the  Engineer  must  frequently  look  to 
anoh  waters  when  aubjocted  to  domestic  filtration  aa  the  means  of  sup- 
ply wherever  sewage  contamination  prevents  the  use  of  rivers  or 
Bhaltow  wells,  As  one  who  has  taken  much  pains  to  ascertain  the 
quantity  and  quality  of  water  to  be  obtained  from  roofs,  I  greatly 
regret  that  so  little  bna  been  aaid  by  the  Kivers  Follution  Commis- 
aioners  to  encourage  its  judicious  collection,  storage,  and  filtration. 
It  is  a  conaolation  to  know,  however,  that  in  the  opinion  of  so  high 
an  authority  as  Dr.  Aagua  Smith  "  the  impurities  of  rain  are  com- 
pletely removed  by  filtration  through  the  aoil"  (Air  and  Ruin),  and 
that  in  the  judgment  of  the  Royal  Commission  on  Water  Supply 
(1869),  perfect  JUlration,  which  is  essential  to  the  good  quality  of 
water  supplied  for  domestic  purposes,  is  not  at  present  reached — 
from  which  the  Engineer  may  gather  that  with  advancing  know- 
ledge we  may  become  perfect,  and  so  secure  purity. 

There  are  localities  in  all  countries  whore,  in  the  absence  of  river 
and  pure  well  water,  rain  viaier  from  Tuofs  or  prepared  impermeable 
aurfacm  constitutes  the  only  source  of  supply  for  aepurate  dwellings. 
In  providing  potable  water  in  such  cases,  it  is  the  duty  of  the 
Engineer  to  do  his  best  to  remove  the  objections  of  the  Chemist,  and 
this  he  may  do  by  the  means  to  be  taken — firat,  in  collecting,  nest 
in  storing,  and  lastly  in  filtering  tho  water  which  he  baa  collected 
and  stoied. 
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I  hold  the  opinioD  thnt,  in  fact,  there  exists  no  more  certain  sonroe 
of  a  pure  and  sufficient  sQpplj  than  tbat  of  pi'Dperl;  collected  and 
properly  filtered  rain  water,  which  is  with  care  to  be  secured  by  all 
porsoas  alike  (see  Section  LXIV.).  There  is  no  cleaner  siufBOe 
from  which  to  collect  rain  than  that  of  roofs  formed  o£  slates  and  tlie 
harder  description  of  tilea,  if  pains  are  taken  to  prevent  the  growth 
of  vegetation,  the  collection  of  decaying  leaves,  and  the  deposit  of  the 
exorements  of  birds. 

To  ooirect  any  impurity  tbat  may  find  its  way  from  toofs  into  the 
ondergronnd  tanks,  used  for  storage,  filtration  must  be  resorted  to. 
I  have  contrived  two  species  of  filters  to  effect  this  purpose  ;  the  first 
is  placed  in  the  underground  tank,  and  appended  to  the  bottom  of  the 
auction  pipe  of  the  bouse  pump.  It  extracts  from  the  water,  before  it 
is  lifted  into  tbe  bouse,  any  solid  matters  timl  may  bo  in  suspen- 
BLOn.  But  as  it  is  always  tiiider  water,  it  serves  to  alarifi/,  without 
chemically  purifying  the  supply  that  passes  through  it,  but  this 
clarification  it  performs  most  effectually.  (See  Drawing  VIII.) 

The  second  filter  ie  placed  inside  the  dwelling.  It  is  called  the 
"  Self -supplying  Oxidizing  Filter,"  and  by  it  that  chemical  purifica- 
tion, not  aimed  at  in  the  first  filter,  is  performed.  The  oxidation  m 
effected  by  the  perfect  aeration  of  the  filtering  material — which 
may  bo  of  any  approved  kind — through  which  overy  drop  of  water 
used  in  the  kitchen,  bed  rooms,  and  elaewhero,  must  pass  as  it 
deBcends  from  the  service  cistern  for  nse.  As  water  is  withdrawn, 
from  this  filter,  fresh  water  comes  in  automatically  by  the  action 
of  a  ball  tap,  and  this  fresh  water  immediately  passes  through  the 
ai^ated  material  into  the  lower  chamber  forming  the  supply  cistern 
for  the  whole  house.  (See  Drawing  VIII.)  The  filtering  material  I 
uae  couHista  of  very  finely  broken  stoneware  potsherds  and  animal 
charcoal.  I  claim  no  special  merit  for  these  contrivances,  and  do 
not  present  them  to  you  with  any  commendation  of  my  own. 
Though  invaluable  as  a  safeguard,  this  two-fold  filti'atioo  is  not 
always  necessary.  On  anhmitting  to  Dr.  Benjamin  Panl,  for  analysis, 
twelve  samples  of  water,  i.e.,  four  samples  of  the  rain  water  taken 
out  of  the  nndergroand  tank  as  it  came  from  the  roofs,  with  an 
equal  nnmber  of  the  same  water  once  filtered,  and  the  like  twice 
filtered,  be  found  that  the  rain  water  itself  before  filtration  was  so 
pare  as  to  be  perfectly  potable.  The  samples  were  transmitted  to 
Dr.  Panl  as  they  were  collected  for  four  ooosecutivo  weeks  in 
December,  1875,  and  Jannary,  lS/6. 

Dr.  Paul's  report  bears  out  so  completely  my  own  estimation  of 
the  valuable  character  of  roof  water,  tbat  I  give  it  verbatim. 
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"  In  reference  to  the  reaalta  obtained  by  the  analyais  of  the  twelve 
samples  of  water  reported  upon  to  yon  last  week,  I  beg  to  offer  the 
following  remarks.  As  reganl»  total  solid  contents  existing  in 
Bolution  in  these  earnplea  of  water,  the  amount  ranged  from  2*8  to 
9'2  parts  in  100,000  parts  of  water  corresponding  to  2  to  6  J  grains 
per  gallon.  This  solid  substance,  obtained  by  erapomting  the  water 
and  drying  the  residue  at  steam  heat,  consisted  partly  of  lime  salta 
diaaolved  by  the  water  from  surfaces  with  which  it  had  come  into 
contact ;  partly,  also,  of  subatances  washed  oat  of  the  air,  and  partly 
of  water  retained  by  the  residue  at  the  temperature  of  ^12°  F. 
That  portion  of  the  total  residue  which  resisted  the  action  of  a  red 
heat  ranged  in  the  several  samples  from  0*2  to  G'i  parts  in  the 
100,000  parts  of  water,  and  this  portion  consisted  of  earthy  saline 
Bubatances,  such  as  are  always  present  in  solution  to  some  extent  in 
all  kinds  of  natui-al  water.  The  remaining  portion  of  the  solid 
residne  that  was  volatilized  by  heat  consisted  of  orgt^Dtc  substance, 
water  with  minute  quantities  of  ammonia  salts  and  nitric  or  nitrous 
acids,  and  the  amount  of  this  portion  ranged  from  20  to  40  parts 
for  the  100,000  parts  of  water  corresponding  to  about  IJ  to  2J  gi^ins 
per  gallon.  It  is  within  the  amount  of  this  latter  portion  of  the 
contents  of  the  water  that  the  pi'eHence  of  any  deleterious  material 
is  to  be  sought  for  i  and  since  such  deletarious  material  cannot 
amount  to  more  than  a  fraction  of  the  quantities  comprised  within 
these  limits,  it  is  evident  from  these  data  alone  that  alt  the  samples 
of  water  ^vore  of  s  high  degree  of  purity.  This  conclusion  is  further 
confirmed  by  the  results  obtaiaed  iu  testing  the  water  for  the  purpose 
of  ascertaining  the  amount  of  ammonia  and  of  organic  nitrogen 
present  in  it  The  amount  of  ammonia  ranged  from  O^OOIS  to  0'034 
part  in  100,000  parts  of  water.  The  amount  of  organic  nitrogen 
ranged  from  0*011  to  0*022  part  in  the  100,000  parts  of  water. 
Both  these  results  are  indicative  of  the  very  high  degree  of  purity  of 
the  water,  and  the  amount  of  organic  nitrogen  especially  indicates 
the  absence  of  any  snob  organic  contamination  as  would  be  prejudicial 
either  on  account  of  its  quantity  or  nature,  taking  into  account  the 
source  of  the  water. 

"  As  regai'ds  this  latter  point,  the  samples  of  water  compare  well 
with  those  instanced  by  the  Bivers  Pollution  Coramisaioners  aa  being 
samples  of  unpolluted  water  obtained  from  springs  and  deep  wells  in 
a  localities,  as  may  be  seen  from  the  following  comparison  of 
the  average  character  of  uupolluted  water  from  those  and  other 
s  given  in  the  report  of  the  Commission,  with  the  results 
obtained  by  the  analysis  of  the  twelve  eamples  now  rctbrred  to. 
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"  From  tlie  results  obtained  by  the  examinatioti  of  the  twelve 
samples  of  water  receiTed  from  yon,  and  from  comparison  of  those 
results  with  the  characters  assigned  by  the  Royal  ComraisaionePS  to 
unpolluted  wnter,  1  am  decidedly  of  opinion  that  altliongh  their 
objection  to  rain  water  as  being  'often  polluted  to  a  dangerous  extent 
by  eicremeutitious  matters,'  and  'rarely  of  sufficiently  good  quaJitj 
to  be  employed  (or  dietetic  p'orpoaes  with  safety,*  (see  Report,  p,  24) 
is  unqnestionably  well  founded,  so  far  as  it  applies  to  rain  water  liable 
to  pollution  from  storage  iu  underground  tanks,  it  is  by  no  means  ft 
sufficient  reason  for  abandoning'  the  nse  of  rain  water  for  snch 
purposes,  provided  adequate  precautious  be  taken  to  prevent  the 
water  from  being  contaminated  before  it  is  used. 

"  The  danger  of  snch  contamination  lios  mainly  in  acoess  of 
surface  drainage  to  the  underground  tanks  in  which  the  water  is 
stored  ;  and  the  objectionable  character  of  the  eight  samples  of  '  rain 
water  stored  for  domestic  nse,'  referred  to  by  the  Boyal  Comoiis- 
sioners  (see  Report,  p.  29),  as  furnishing  evidence  in  support  of  their 
objection  to  rain  water,  appears  to  have  originated  from  the  want  of 
proper  safeguards  against  infiltration  of  drainage  water  into  the 
tanks ;  for  while  rain  water  rarely  contains,  on  the  average,  iaoi« 
than  three  or  four  parts  of  total  solid  contents  in  the  100,000  papta, 
the  average  in  the  eight  samples  mentioned  by  the  Royal  Comizii». 
sioners  is  as  much  as  2i  parts  in  100,000  of  water,  and  in  one 
instance  rises  to  more  than  126  parts  in  100,000.  Such  a  resnlt, 
however,  is  merely  accidental,  and  by  no  nieana  a  necessary  ooQ- 
sequeDco  even  of  the  storage  of  rain  water.  It  is,  I  imagine,  a 
resolt  that  can  be  avoided  ;  and  since  rain  water  iu  itself  is  very 
often  quite  onobjeotionable  for  domestic  use,  there  is  in  regard  to  its 
nse  for  such  purposes  room  for  establiahing  a  very  large  practioal 
exception  to  the  general  principle  of  condemnation  laid  down  by  the 
Royal  Commissioners. 

"  As  regards  the  more  immediate  object  for  which  the  analysis  of 
these  twelve  samples  of  water  wae  undertaken,  I  am  unable  to  famish 
you  with  any  opinion,  for  the  unespected  purity  of  the  water  as  Bret 
collected  is  bo  great  that  filtration  has  no  effect  upon  it  beyond 
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XXXVI. — Of  ao-CALLED  "  Sospicious  Waters  " — the  Wateeb  or 
UiTDER-DEAiNAGE.  In  some  diati-icts  wide  areas  of  wet  land  have  been 
under-drained ;  and  as  winters  saccced  each  other,  a  §upply  of  water, 
varjingfrom30,000to70,000  gallons  peraoi-e,*isBnnnalIy  discharged. 
Of  this  water  the  Rivers  Foliation  CommiBeionerB  go  so  far  as 
to  say,  after  the  qnalified  condemnation  I  have  quoted,  that  "  the 
SDpply  of  snch  water  can  be  very  easilj  and  safely  aecomplished 
r  the  eabsoil  drain^e  of  pasture  and  meadow  land  is  capable 
of  collection  in  storage  reservoirs  of  the  moderate  capacity  sufficient 
for  the  needs  of  a  hamlet  or  small  village."  "  The  drainage  from 
manured  arable  land  is,  as  we  have  stated,  by  no  means  a  desirable 
)  of  potable  water,  and  most  be  nnreservedly  condemned,  if 
hrnnao  excrements  are  naed  as  manure,  Ent  with  that  exception  the 
drainage  water  of  even  arable  land  is  prefenible  to  that  &om  pollnted 
shallow  wells  which  are  at  present  the  uBoel  sonrce  of  the  water 
snpply  in  country  plac 

By  the  water  of  nnder- drainage  (ai 
water  extracted  from  the  subsoil  by  u 
varying  from  three  to  six  feet  or  mi 
Bonrce  of  available  sopply  for  villages 

which  fell  npon  retentive  or  saturated  soils,  before  they  1 
under'drained,  was  either  absorbed  and  held  by  them  to  be  evapo- 
rated and  lost  as  vapour  in  the  air,  or  it  was  thrown  off  the  surface 
and  lost  as  water  in  times  of  flood  or  excess. 

The  same  lauds  wheu  drained  absorb  the  rain,  instead  of  allowing 
it  to  be  evaporated  or  thrown  off  the  surface.  It  ioGltrat«a  to  the  level 
of  tho  nnder-drains,  and  passes  out  of  the  snbsoil  gradually  by  the 
drains  to  the  outfalls.leaving  behind  in  the  sail  only  just  enough  water 
to  satisfy  its  naturally  retentive  properties.  Comparing  this  water, 
which  has  had  the  benefit  of  filtering  through  four  feet  or  so  of 
earth,  with  that  which  is  now  generally  used  in  rural  districts,  and 
which  is  often  obtained  off  roods  and  land  surfaces  when  river  and 
well  waters  fat),  and  are  known  to  bo  decidedly  deleterious,  it  is 
impossible  to  deny  thnt  the  substitution  of  one  for  the  other  woald 
bo  a  very  great  advantage. 

In  many  oases  tho  water  discharged  from  the  under-drains  of  land 
raay  be  collected  and  "  refilterod  "  through  natural  soil  without  any 
great  increase  of  expense  and  with  every  probability  of  completely 


s  I  use  the  term)  is  meant  tbe 
inder-drains  laid  in  it  at  depths 
This  water  forms  a  new 
Lod  hamlets,  because  the  rain 
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oxidizing  and  rendering  liarmleaa  any  organic  matter  (bat    may 

xxxvir — Of  so-calied  "Suspiciods  Watbrs." — WiiEaa  to  be 
COLLECTED  FKOM  CoLTivATEO  SURFACES.  Tbis  last  expedient  (filtratioQ 
throngh  natural  soil),  may  also  bo  applied  beneGcially  to  natera 
collected  froni  the  em-face  of  cultivated  lands  where  human  excro- 
mente  are  not  naed  as  mtmnre.  Wlien  investigated  Ijy  the  Engineer 
it  will  often  be  found  that  the  water  of  streams  running  through 
private  estatee,  and  made  up  of  eurface  waters  from  cultivated 
lands,  may  be  diverted  oat  of  their  courses  on  to  the  surface  of 
Binall  areas  of  land  near  at  band,  which,  if  pui-posciy  prepared  by  proper 
under- drain  age,  will  absorb  and  discharge  such  water  after  freeing 
it  from  those  impurities  which  it  gathers  as  it  passes  over  the 
contributing  sarfacee. 

XXXVin.  —  Of  ao-CALLED  "  DAmiEBOus  Waters."  —  RtTESs, 
Stekahs,  and  KuHNiHfl  Watebs.  Passing  from  the  "suspicious 
waters,"  which  filtration  may  render  safe,  to  the  "'  dangerous 
waters,"  which  tbe  Hi  vers  Pollution  Commissioners  have  so  decidedly 
condemned,  I  will  not  detain  yoo  by  any  justification  of  the  use  of 
rivers  and  streams  into  which  excrcmentitious  refuse  has  been  dis. 
charged,  further  than  to  bring  under  notice  the  views  of  the  Water 
Supply  Commissioners  who  were  appointed  to  enquire  "  into  the 
means  of  obtaining  additional  snpplies  of  onpotluted  and  wl 
water  for  the  metropolis  and  other  large  towns,"  which  contra^ 
Bingular  force  with  the  opinions  of  the  Rivera  Pollution  Com] 
sionerB. 

TheWal«rSupply  Commission  (1869),  when  speaking  of  the  rivers 
Thames  and  Lee,  said  that  "  eopplemeuted,  if  necessary,  by  works 
for  storing  the  flood  waters,  and  by  tbe  water  obtainable  from  the 
chalk  and  greensaud,  those  rivers  will  furnish  a  supply  suf&cient  for 
any  probable  increase  of  the  metropoliian  population,  and  with 
perfect  filtration  and  efficient  measures  for  escladiug  the  sewage  aad 
other  pollutions,  water  taken  from  them  will  be  perfectly  wholesome 
and  of  suitable  quality  for  the  supply  of  the  metropolis."  Now,  oon- 
sidering  that  tbe  Water  Supply  CommiBsiou  consisted  of  the  present 
President  of  Her  Majesty's  Privy  Council  (the  Dnko  of  Richmond)  ; 
the  present  President  of  the  Institution  of  Civil  Engineers  (Mr.  T.  E. 
Harrison)  ;  the  late  President  of  the  Geological  Society  and  present 
Professor  of  Geology  at  Oxford  (Mr.  J.  Prestwich)  ;  as  well  as  the 
Chairman  of  the  Metropolitan  Board  of  Works  (Sir  J.  Thwaites^, 
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it  IB  hardly  possiblo  to  quote  the  views  of  men  more  worthy  of 
conBideration.  It  is  beyond  tho  power  of  Saaitary  Bngiaeera  to 
reconcile  these  views  in  any  tangib 

XXXIX.— Ok  so-called  "  Danoerods  Witbrb," — SsAitow  Well 
Waters.  Yon  will  remember  that  the  Rivers  Pollntion  Com.mis- 
i  spoke  of  water  obtained  from  eballow  wells  as  less  fit  for 
bamao  consumption  and  more  dangerooB  to  the  public  health  than 
the  water  of  sewage-polluted  rivers. 

Of  412  wells  which  they  esamined,  there  were  very  few  yielding 
a  supply  of  a  enffioiently  pare  character.  I  believe,  however,  that 
if  the  matter  were  fiirther  and  more  closely  eiaminod,  it  wonld  be 
fonnd  that  shallow  wells  in  towns  and  villages  ore  not  unfreqnently 
rendered  impnre  by  organic  matter  falling  directly  down  to  the  water 
in  the  well  from  the  surCtee,  as  well  as  by  sewage  passing  throngh 
the  Burronndingaoil.  To  avoid  theposaibility  of  fon!  water  descending 
thus  directly  down  into  wells,  a  practical  remedy  has  been  proposed 
which  might  in  many  oases  be  nsefiiUy  adapted  to  wella  in  rural 
villages,  where  they  are  sank  in  situations  so  far  distant  &om 
dwellings  afi  to  command  undei^mund  water  naturally  pure.  The 
remedy  is  the  use  of  the  Abyssinian  tube  pump  or  the  adoption  of  the 
plan  of  doming  over  the  water  in  a  well  just  above  its  standing  level 
— where  the  water  Hea  within  the  reach  of  an  ordinary  lift  pump — 
and  to  fill  the  well  up  with  soil  from  dome  to  surfiice.  Before  filling 
in  the  soil,  a  pi]>e  should  be  fised  in  the  dome  reaching  to  within  a 
few  inches  of  the  bottom  of  the  water,  and  extending  upwards  to 
the  surface.  Upon  tbe  top  of  this  the  pump  is  to  be  Sxed,  Such  a 
pnmp  would  partake  very  much  of  the  character  of  the  Abyssinian 
pump.  I  refer  to  this  arrangement — which  waa  snggepf^d  to  me  by 
an  article  in  Chumbere'e  Jouniil — not  to  convey  any  opinion  of  my 
own  with  respect  to  it,  for  I  have  not  yet  tried  it,  but  » 
show  that  practical  suggestions  will  not  bo  wanting  to  relie 
shallow  well  water  from  wholesale  condemnation  when 
sanitary  works  in  towns  and  villages  have  reduced  to  a 
the  chances  of  sewage  contamination  by  percolation  through  the 
soil. 


mply  to 
mpi-oved 


XL. — Hard  asd  SofT  Wateb.  ■  The  time  before  me  will  not  allow 
of  any  explanation  of  the  comjiarative  advantages  of  soft  and  hard 
water.  Moreover,  the  subject  is  hardly  one  for  the  judgment  of  the 
Engineer.  I  must  be  content  with  appending  a  full  description  of 
Dr.  Clarke's  prooesa  for  the  softening  of  water  by  Ume,  which  hu 


now  stood  the  tent  of  a  quarter  of  r  centnry,  and  may  be  usofnlly 
applied  in  many  cases  (see  Appendix  G.). 

The  Rivera  Pollution  C om mi asioners  put  the  several  waters  derived 
from  various  sources  in  the  tollowiDg  order : — 

1.  Ruin  water  (softest). 

2.  Upland  surface  wator. 

3.  Surface  water  from  cultivated  land. 

4.  Polluted  river  water. 

5.  Spring  water. 

6.  Deep  well  water. 

7.  Shallow  well  water  (hardest). 

Water  at  or  below  six  degrees  of  hardness  is  considered  "  soft," — 
above  that  number  of  degrees,  "  hard  water."  "  HardnesB  "  implies 
one  grain  of  bicarbonate  or  sulphate  of  lime  in  a  galloa  of  water. 

XLL — FuKiHEE  Investigation  into  the  Watf.b  Qoestios  impbra- 
TIVHLY  BEQUIRED.  With  these  general  observations  on  the  sonrcea  of 
water  supply  I  will  leave  the  question  for  the  present.  They  arise 
from  the  chemist's  view  of  the  matter,  which  has  cow  been  exhausted. 
Having  for  many  years  advocated  the  storage  of  surplus  waters  for 
the  use  of  small  oomm unities,  and  having  done  my  best  to  point  ont 
the  very  libera!  supply  of  uneiceptionably  pure  water  with  which 
Providence  has  blessed  our  country,  I  cannot  resist  repeating  tbo 
earnest  desire  I  entertnin,  that  under  the  auspices  of  Government  a 
carefnl  enqairy  by  competeut  men  with  practical  minds  may  be 
instituted  to  determine  how  far  the  natural  resources  of  different 
localities  may  be  made  available  in  those  iMalities.  The  coontry 
requires  instroctions  hoio  to  develop  local  capabilties  so  as  not  to  reet 
npon  State  interposition.  It  is  most  diOicalt  for  the  student  in  saoi- 
tary  science  to  understand  the  present  views  of  the  ruling  autboritiee 
of  this  country  in  relation  to  the  question  of  water  supply.  The 
elaborate  reports  of  the  several  Commissions  appointed  to  enquire 
into  the  polluted  condition  of  our  rivers  and  the  disposal  of  sewage 
appear  to  be  entirely  pat  on  one  side,  although  their  recom- 
mendations, with  respect  to  the  establishment  of  standards  of  condition 
of  liquids  discharged  into  running  waters,  were  supported  by  the 
opinions  of  the  leading  Chemists  of  Europe.  Astounding  as  it  may 
appear,  the  fact  is  nevertheless  true  that  at  this  moment  when  the 
whole  population  of  the  countiy  is  clamouring  for  pure  water 
■evoral  chemical  processes  for  the  treatment  of  sewage,  which  have 
been  positively  condemned  by  the  Commission  to  which  I  have 
fefbrred,  are  in  action,  with  the  concun-ence  of  the  Government, 
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in  the  valleys  of  the  Thames  and  Lee  above  the  vntaJces  of  the  Com- 
panies sapplying  the  metropolis  with  water!  (See  Section  XCV.). 
It  wonld  really  seem  that  although  the  whole  conntry  is  agreed 
that  the  death-rate  is  sensibly  increased  by  neglecting  the  condition 
of  onr  streams,  no  Government  is  strong  enough  to  revert  to  the 
laws  of  the  Egyptians  and  say  "Thou  shalt  not  defile  our  rivers." 
Loss  of  life  would  appear  to  be  preferred  to  loss  of  trade,  and 
although  the  preference  may  be  reconciled  with  individual  interest, 
it  is  entirely  opposed  to  the  national  weal. 


DIVISION    III. 

THE   DWELLING, 


XLTI. — Definition  of  the  Term  "  Dwelling."  Being  about 
to  apply  practically  the  observafcions  which  I  havo  made  on 
"Air"  and  "W<iler"  to  the  work  of  the  Sanitary  Engineer  ia 
the  dwelling,  and  then  to  the  town  and  village  which  are  tlie  con- 
gregations of  dwellings,  I  should  preface  wliat  I  have  to  aay  by- 
stating  that  the  term  "  dwelling  "  includes  every  strnctnre  inhabited 
by  hnman  beings,  either  consbintlj  orieniporarity,  whether  it  be  the 
pctlaco,  the  maoHion,  the  barracks,  the  depot,  the  hospital,  the  school, 
the  factory,  or  the  cottage  ;  and  wherever  sitnated,  whether  in  town, 
village,  park,  or  paddock. 

XLIII. — The  Site.  The  Architect,  rather  than  the  Engineer, 
ifl  generally  the  person  conenlted  apon  the  sites  of  dwellings  when 
they  are  erected  ootside  towns  and  villages,  although  there  is  no 
single  object  upon  which  the  services  of  the  Sanitary  Engineer 
oonid  be  more  usefully  employed.  In  towns  and  villages  the  sites 
of  additional  or  snbstitnted  dwellings  are  generally  fixed  irrespective 
of  the  advice  of  any  one. 

In  the  case  of  isolated  dwellings,  however,  where  aelection  can  be 
made,  it  is  unnecessary  to  point  ont  that  adverse  conditions  in  tbe 
site  may  render  the  beat  designed  and  best  built  structure  unhealthy, 
for  as  BtBt«d  by  Bacon,  whose  wisdom  condescended  to  such  social 
questions,  "  ho  who  bailds  a  fair  honae  upon  an  ill-seat  committeth 
himself  to  prison,"  to  which  he  added  the  quaint  but  true  remark 
that  be  did  "  not  reckon  it  an  ill-scat  only  where  the  air  iB  nnwhole- 
some,  but  likewise  where  the  air  is  unequal." 

Aspect  and  shelter  have  each  their  bearing  upon  salubrity  and 
equality  of  temperature,  bnt  neither  the  one  nor  the  other  baa  an 
influence  so  great  as  the  condition  of  the  soil  beneath  and  snrronnd- 
ing   the  dwelling.      Dryness    of    site   is   essential   to   both    these 
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advantages,  and,  as  already  stated,  the  Engineer  has  the  power  by 
appropriate  drainage  to  render  a  snbsoil,  which  is  naturally  wet  and 
pollated,  both  dry  and  wholesome. 

XLIV. — Drainage  of  Site,  in  Contradistinction  to  Sewerage, 
Essential  to  Health.  With  the  facts  before  us  already  quoted  from 
Dr.  Buchanan's  Report,*  showing  the  remarkable  manner  in  which  a 
decrease  in  deaths  from  phthisis,  or  pulmonary  consumption,  had 
followed  the  drying  of  the  soil,  and  the  concurrence  generally 
expressed  by  the  Medical  Profession  in  Professor  Pettenkofer's 
views  on  the  effects  of  the  rise  and  fall  of  ground  water,  there  can 
be  no  doubt  that,  where  the  standing  water  in  the  soil  does  not 
naturally  lie  at  such  a  depth  below  the  surface  as  to  be  beyond  the 
power  of  injury,  the  Engineer  should  efEect  that  object  artificially 
by  under-drainage,  and  thus  help  in  reducing  the  death-rate. 

I  select  consumptive  disease  to  illustrate  prominently  the  sanitary 
effect  of  drying  the  soil,  because  it  is  quite  sufficient  of  itself  to 
justify  all  that  can  be  said  in  favor  of  the  perfect  under-drainage, 
in  contradistinction  to  the  sewerage,  of  human  dwellings,  with  which 
it  is  often  confounded. 

The  proportion  of  the  entire  death-rate  of  England  and  Wales 
which  is  due  to  consumption  alone  has  been  shown  by  the  Begistrar 
'General  to  be  about  one-ninth. 

Between  the  years  1867  and  1872  the  deaths  ^'6''  million  living  in 
England  and  Wales  were  as  follows : — 

1867     1868      1869     1870     1871     1872 
AU  causes 21,983  22,200  22,626  22,947  22,622  21,340 

^S)t:^ptiL'r^}2;5^«    2.395    2.^    2.435    2.364    2,297 
In  proof  of  the  beneficial  effect  of  drying  the  soil,  Mr.  Simon,  in 

his  Report  of  the  31st  of  March,  1868,  says  the  death-rates  by 

phthisis  in  the  15  undermentioned  towns  had  faUen  per  cent,  as 

follows,  after  the  "  drainage"  of  the  ground. 

Salisbury  49      Leicester   32      Dover 20 

Ely 47     Macclesfield  31      Warwick     19 

R^gfey--  43     Newport  (Monmouth)...  32      Croydon...  17 

Banbury   41      Cheltenham  26     Cardiff  ...  17 

Worthing36     Bristol   22     Merthyr...  11 

0 

XLV. — ^Definitions  op  the  Terms  "Drain"  and  "Sewer."     I 

shall  not  have  a  better  opportunity  than  I  now  have,  when  speaking 

*  NixOh  B«port  of  the  Medical  Offloer  of  the  Privy  Coandll  " 
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of  drying  the  soil,  of  explaining  the  difference  between  n  drain  and  a 
sewer,  which  the  Public  Health  Act,  1875,  28  &  39  Vict.,  Cap.  55,  has 
done  mnch  to  oonfnae  by  attempting  to  give  lui  interpretation  which 
is  opposed  to  both  literal  meaning  and  ootaraon  sense.  In  that  Act  we 
find  that  a  "  drain  "  is  interpreted  to  be  "  any  drain  of  and  asod  for 
the  drainage  of  one  building  onlj"  "  for  the  purpose  of  commtmioa- 
ting  therefrom  with  a  cesspool  or  other  like  receptacle  for  drains^  " 
("  drainage,"  I  presume,  means  sewage)  "  or  with  a  aewer  into  which 
the  drainaye"  (this,  I  presume,  also  means  sewage)  "of  two  or  more 
hnildingB  or  premises  occupied  by  different  persona  is  conveyed  j" 
while  a  "sewer"  is  stated  to  mean  "sewers  and  drains  ot  every 
deecription  except  drains  to  which  the  word  drain,  interpreted  bb 
aforesaid,  applies,  and  except  drains  vested  in  or  under  the  control  or 
Rny  authority  having  the  management  of  roads  not  being  the  local 
authority  under  the  Act." 

Now,  tho  fact  is,  an  nnderground  "  drain"  means  nothing  more 
nor  less  than  a  conduit  intended  to  draw  out  of  the  land  through 
which  it  passes,  the  water  which  is  in  that  land,  and,  as  far  as 
capillary  attraction  and  natural  rctentiveness  will  permit,  thus 
remove  the  wetness  caused  by  it. 

The  word  "drain"*  is  derived  from  the  French  verb  "trainer,'*  to 
draw,  and  the  precise  meaning  of  the  original  word  is  "  a  channel  to 
draw  together  water  by  degrees  " — the  very  reverse  ot  the  object  of 
a  "  sewer,"  a  word  also  derived  from  the  French,  the  precise  meaning 
of  which  is  "  a  condait  for  the  discharge  of  filth."  After  30  years 
constant  practice  in  this  branch  of  Engineering  I  may  be  pardoned 
for  saying  that,  without  under-drains  to  net  as  hero  explained,  it  is  uot 
passible  to  dry  a  damp  subsoil.  It  has  been  alreudy  shown  that 
Buoh  drying  ia  essential  to  the  healthy  condition  of  all  dwellinga, 
and  I  now  again  wonld  emphasise  the  point,  believing  that  its  im- 
portance cannot  he  over-rated.  A  sewer  should  be  used  simply  as  a 
conduit  to  discharge  its  filthy  contents  as  qniekly  and  as  completdy 
OB  possible,  without  receiving  any  accretion  of  liquid  from  the  soil 
through  which  it  passes,  or  allowing  any  part  of  its  contents  to 
escape  into  the  soil. 

No  Act  of  Parliament  can  alter  the  meaning  of  those  words, 
or  the  purpose  of  the  works  they  explain,  although  our  parliamentary 
draftsmen  may  by  the  perversion  to  which  I  have  referred  add  to 
the  confusion  already  existing  in  the  public  mind  on  sanitary 
legislation.  It  has  been,  in  fact,  the  confaeion  existing  on 
the  qaestion  of  "  drains  "  and  "  sewers  "  that  has  helped  to  deBtroy 

'.t(pll|ie  IheorifUiatlliG  wgijdrui'n  wiu  Uio  Ssion  wonl,  "dntliiiif[OBii,"— ft  filler'. 
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the  purity  of  onr  rivers.  A  river  is  the  "  surface  drain"  of  its 
basin,  though  it  has  in  many  ccbses  been  converted  very  improperly 
into  a  "  drain-sewer  "  by  the  influx  of  filthy  effluents  from  towns 
and  districts.  A  river,  in  truth,  is  a  channel  which  '*  draws 
together  water  by  degrees"  from  the  various  tributaries,  which  extend 
to  its  water  shed,  i.e.,  the  anti-cb'nal  ridge  separating  one  river  basin 
from  another.  It  appears  to  me  to  be  antagonistic  to  sanitary 
progress  that  such  an  interpretation  as  that  contained  in  the  Public 
Health  Act,  1875,  should  have  been  given,  for  the  sanitary  Engineer 
in  the  exercise  of  his  duties,  must  use  both  "drains"  and  "  sewers" 
for  the  distinct  purposes  which  nature  and  reason  have  indicated ; 
and  though  in  certain  instances  a  sewer  may  serve  both  its  own 
parpose  and  that  of  a  drain,  without  any  injurious  effect,  still  the 
time  is  not  far  distant  when  it  will  be  generally  acknowledged  that  a 
drain  can  never  properly  be  used  as  a  sewer,  nor  a  sewer  as  a  drain, 
but  that  there  should  be  separate  conduits  for  each  purpose. 

There  cannot  be  a  doubt  that,  while  drains  should  draw  into 
them  as  much  water  as  possible,  sewers  ought  to  be  thoroughly 
water-tight,  for,  as  already  stated,  if  they  are  not  so,  the  same 
openings  which  admit  the  sabsoil  water  will  allow  the  sewage  to 
escape  into  the  subsoil,  and  thus  create  in  the  proximity  of  the 
dwelling  one  of  the  most  formidable  nuisances  to  which  it  can  be 
subjected.  To  low  and  flat .  parts  of  inhabited  districts  this  remark 
wiU  particularly  apply,  though  I  may  state  that  I  have  also  known  the 
basements  of  houses  in  the  higher  parts  of  towns  rendered  foul  by 
the  passage  of  the  contents  of  the  sewer  into  them  through  the 
joints  of  the  pipes  and  the  surrounding  soil  on  occasions  of  excessive 
rainfall.  This  evil,  we  are  told,  has  been  experienced  in  the  lower 
parts  of  Worthing,  and  at  Cambridge.  (Corfield^s  Digest  of  Facts, 
relating  to  the  treatment  and  utilization  of  Sewage). 

In  spite  of  these  facts,  which  must  come  home  to  every  Engineer^ 
it  is  difficult,  at  the  present  moment,  to  say,  after  reading  the  in- 
terpretation clause  of  the  Public  Health  Act,  whether  such  a  work 
as  a  '*  drain  "  in  its  true  meaning  is  recognized  by  the  Government, 
and  whether  those  who  have  to  dispense  the  law  acknowledge  the 
necessity  of  drainage — ^in  contradistinction  to  sewerage — ^at  all. 
What  the  Public  Health  Act  interprets  as  a  **  drain "  is  really 
nothing  more  nor  less  than  a  branch  sewer  to  "  communicate  " 
(connect)  the  private  dwelling  with  the  common  public  sewer,  or 
with  any  private  receptacle  for  sewage  which  may  be  used  in  the 
absence  of  a  public  sewer. 

I  regret  that  it  should  have  been  stated  in  any  official  document, 
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Bucli  BS  the  SugyettiMit  upon  Setrerage  aitd  Drainage,  prepared  by 
Ur.  RawlioBOQ,  that  sewors  and  dreioe  Ebanld,  when  practicable, 
"be  made  U>  act  as  land  drains,"  for,  as  I  have  already  said,  I  can 
conceive  nothing  mora  likely  to  command  the  raprehension  of  the 
'  next  ^aeration  than  tlie  confasiou  sacti  terms  will  lead  lo.  Already 
Br.  Corfield  in  hie  Dujest  of  Fucfs  has  adopted  the  compoond  term 
"  Drain-Bewers  "  Without  denying  that  tbera  may  be  certain  towna 
BO  physically  circmnatanced  as  to  allow  sewers  to  bo  designedly  con- 
atmcted  to  serve  the  two  purposes  of  sewera  and  drains  withoDt 
unfavorably  prejudicing  their  fature  aanitaiy  condition,  I  can  only 
admit  that  one  description  of  conduit  deserves  the  title  of  "drain- 
aewer"  and  tbat  is  a  double  conduit  consisting  of  a  water-tigbt 
Bewer  with  an  open-jointed  or  perforated  drain  attached  to  it,  Such 
a  double  conduit  is  made  by  Messrs.  Brooks,  of  Hudderefield.  Tbere 
ia,  however,  cousiderable  difficulty  iu  adopting  tbis  double  conduit, 
owing  to  the  incapability  of  making  the  joint  of  the  sewer  water-tigbt 
while  leaving  the  drain  continuously  open.  Moreover,  there  ts  no 
Deceesity  for  adopting  it,  for  the  Engineer  finds  in  practice  that  the 
eame  trauch  that  contains  the  sewor  will  admit  of  a,  detached  draia 
being  laid  iu  it  also.  Both  then  act  as  independent  conduits  without 
detracting  &om  the  utility  of  each  other. 

XLVI. — Capacities  ofDiffkhent  Soils  for  Retention  of  Watie, 

iSD  TBB  InFLCKNCB    OF  WeT   SoILS    LTON   THE   SaNITABY  CoNPlTION    QF 

CellahsakdBaskhents.  All  soils  in  positionB  to  affect  dwellings  may 
be  divided  into  three  classes;  first,  tho8e  tliat  are  comparatively 
impervious,  and  will  therefore  resist  absorption  ;  second,  those  that 
are  perrions  and  retentive,  and  absorb  and  give  off  nuter  slowly ;  and 
last,  those  that  are  pervions  and  &ee,  and  absorb  and  give  off 
water  more  rapidly. 

In  the  first  we  include  eKposcd  rocks ;  in  the  second,  clays  of 
various  qnalities  and  degrees  of  density ;  and  in  tbe  last,  the  sands, 
gravels,  chalk,  and  mixed  soils  oF  varioos  degrees  of  porosity. 

In  the  absence  of  either  natural  or  artificial  drainage,  all  soUs — 
retentive  and  free — hold  water  according  to  the  interstitial  spaoeB 
they  contain.  Without  distinction  all  soils  tLas  filled  with  water 
instead  of  air,  impart  dampness  to  tbe  wells  with  which  they  are  in 
contact,  while  the  "grouud  air"  which  arises  &om  them  in  summer 
becomes  injarious  to  health  from  its  being  more  or  less  impregnated 
with  putrascible  matter. 

"Impermeable"  granites  and  marbles  of  the  greatest  possible 
density  hold  about  a  pint  of  water  per  cubic  yard,  while  a  loose  saad 
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will  contain  from  40  to  50  gallons  per  cubic  yard.  Ordinary  red 
sandstone  will  hold  27  gallons  per  cubic  yard.  My  own  experiments 
(see  Land  Drainage  and  Drainage  Systems)  showed  that  the  day 
of  the  London  clay  formation  will  absorb  nearly  50  per  cent,  of  its 
own  weight  when  dry,  that  the  Orford  clay  will  absorb  30  per  cent., 
and  that  the  lias  will  absorb  nearly  the  same  quantity  as  the  latter. 

The  power  of  soils  to  hold  water  and  maintain  a  wet  condition, 
differs  as  greatly  as  their  power  of  absorption.  In  1856-7;  I  had 
some  very  careful  observations  made  of  the  discharge  of  the  under- 
drains  of  a  free  soil,  consisting  principally  of  chalk  mixed  with  clay, 
gpravel  and  sand,  and  of  an  adjacent  clay  soil  of  the  gault  of  the 
cretaceous  formation,  which  showed  this  difference  to  exist  in  a 
remarkable  degree,  the  retentive  power  of  the  clay  being  2f  times 
greater  than  that  of  the  mixed  soil. 
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Rainflfcll. 
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Freesoil. 
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37,215 

12,910 

Nil. 

36,872 

27,000 

330 

27,935 

30,135 

5,825 

52,775 

43,855 

31,805 

4,343 

27,360 

9,060 

18,547 

8,415 

3,310 

32,566 

6,698 

6,183 

16,967 

4,177 

3,418 

Totals  per  acre       227,220  160,550  59,931 

Differences  between  rainfaU  j  g.  ^^^  ^g.  239 

and  discharge  j  *  * 

227,220  227,220 

In  the  case  of  the  free  soil,  the  drains  were  placed  in  selected 
(irregular)  places,  at  wide  intervals,  while  those  in  the  clay  followed 
parallel  lines  25  feet  apart. 

Those  who  would  know  the  true  effect  of  saturated  soil  upon 
under-ground  cellars  used  as  human  dwellings  should  study  the 
published  reports  of  Dr.  Duncan,  of  Liverpool,  and  Dr.  Aldis,  of 
Whitechapel,  as  well  as  those  of  Dr.  Buchanan,  Dr.  Thome  Thome, 
and  Mr.  Netten  Badcliffe,  addressed  to  the  Medical  Officer  of  the 
Local  Gbvemment  Board.  Dr.  Duncan,  when  speaking  of  Liverpool, 
pointed  out  that  the  Ward  where  the  greatest  cellar  population 
exists  is  also  the  Ward  where  fever  is  most  prevalent — one  in  27  of 
the  inhabitants  having  been  annually  attended  by  the  dispensers. 
But  it  is  unnecessary  to  quote  such  details.  The  statistics  in 
existence  distinctly  show  that  disease  claims  as  many  victims  from 
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damp  and  sewage- reekiog  Qoors  and  wnUs.  ae  from  any  other  singte 
cause  affecting  the  Banitary  condition  of  the  cellar  popalaiion  of 

towns.      The  importance  thei-efore  of  the  "  drainage"  of  the  aites  of 
all  dwellings  will  be  generally  admitted. 

XLVII. — Capillary  Attraction  and  Bvapobateon.  All  soils  are 
more  or  less  susceptible  to  capillary  attraction.  In  the  chalk  forma- 
tion, water  will  rise  irom  the  level  of  eompletfi  saturation  to  a  very 
considerable  liei^ht  above  it,  while  a  bed  of  sand  will  be  oompletely 
dry  only  a  foot  or  so  above  the  water  standing  in  it.  Wet  noils  of 
a  more  deuse  and  retentive  character  (clays)  do  not  give  ofE  vapour 
as  copiously  a^  free  open  soils  kept  wet  by  under-lying  water ;  never- 
theless, as  long  as  there  is  any  water  below  sufficiently  near  to  keep 
them  moist  by  attraction,  evaporation  will  continue,  and  in  the  end 
the  amount  of  vapour  given  off  from  them  wilt  be  much  greater 
than  in  the  case  of  free  soils  under  similai'  conditions  of  out&U. 
Moreover  organic  substances  existing  in  clays  nndergo  decumpoaitioii 
slowly  and  without  any  diminution  in  the  amount  of  carbonio  acid 
gas  evolved  from  them.  It  is  for  this  reason  that  clay  lands  are 
termed  cold,  and  may  be  considered  comparatively  insalubriouB  and 
therefore  objectionable  as  the  aites  for  dwellings. 

From  what  has  been  said  it  may  be  taken  as  a  rule  that  wherever 
gronnd  is  water.Iogged  owing  to  the  want  of  au  outlet, — whether  the 
Boi]  be  an  open  gravel,  or  a  dense  clay, — it  is  unfit  for  the  site  of 
human  dwellings  until  the  line  of  satmation^^.B.,  the  subsoil  water — 
is  lowered  by  drainage  to  such  a  aufficient  depth  as  not  only  to  reduce 
evaporation,  but  to  prevent  the  rising  of  moisture  by  attraction  up 
to  the  cellar.floora  and  the  fonndatioiis  of  the  dwelling. 

Xevertheless,  if  we  examine  closely  into  the  condition  of  inhabited 
districts,  we  lind  considerable  areas  of  water-logged  land  on  the 
banks  of  rivers  covered  with  dwellings,  regardless  of  the  height  of 
the  subfloil  water  beneath  ;  and  if,  farther,  we  examine  into  the  rate 
of  mortality,  with  special  reference  to  deaths  from  lung  diseases, 
rheumatism,  and  heart  complaints,  we  see  that  they  are  increased  in 
exact  proportion  as  wetness  prevails.*  (See  Section  XII.).  Itisfound 
in  all  inhabited  districts  ttuit  those  parts  which  have  the  natural 
advantage  of  a  deep  crust  of  open  dry  soil  between  the  basements  of 
dwellings,  and  tlie  subterranean  water  level  beneath,  command  a 
superior  state  of  salubrity. 

•  Dr.  Lenlon.  of  C'ovumrjr.  lu  h  Icllarwlth  wliioh  helm*  ruionn 
oiJflpolMt— "I  nan  oulj:  larfWim  my  own  Bipenmeff  Cbai 
bmtt  m  dAmp  cUy  boUa^  andimineA,  eryiipelu  la  andemln." 
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When  speaking  thos  of  the  advantages  of  a  dry  soil,  and  the  evils 
of  a  wet  one,  it  should  be  borne  in  mind  that  a  healthy  site  for 
dwellings  is  indirectly  dependent  upon  the  condition  of  neighbonring 
lands.  A  town,  for  instance,  may  be  admirably  well  seweredi  and  a 
mansion  may  have  the  best  devised  internal  arrangements,  and  they 
may  both  be  less  healthy  than  other  towns  and  dwellings  not  so 
carefully  treated,  owing  to  the  existence  of  outside  influences,  such  as 
the  low  marshy  meadows  existing  in  proximity  to  Oxford,  or  the 
saturated  though  picturesque  grounds  which  often  surround  superior 
mansions  built  by  the  sides  of  rivers. 

*^  Qui  legitia  flores  et  htmii  nascentia  fragray 
FrigidtiSf  o  pvsri^  fugite  hmc,  latet  cmguis  in  herha,** 

Vvrg. :  Ed,  Hi.,  92. 

XLVIII. — ^MoDB  OP  Undbb-Dratnaqe  Reqihrbd  to  Dry  the 
Sites  of  Dwellinqs.  The  method  of  under-drainage  necessary  to 
lower  the  water  level  in  wet  lands  to  a  proper  depth  will  vary 
with  the  character  of  the  subsoiL  In  water-logged  free  soils  a 
single  drain  will  often  lower  at  very  little  cost  the  water  level 
of  a  wide  area.  This  effect  has  been  produced  by  so-called  '^  drain- 
sewers,"  which  have  lowered  the  water  in  wells  as  well  as  in  the 
soil,  and  have  been  known  to  cause  settlements  in  houses,  as  at 
Norwich,  by  the  removal  or  displacement  of  sand  with  the  water 
beneath  their  foundations.  It  may  be  taken,  as  a  rule,  that  in 
free  soils  no  advantage  is  gained  by  multiplying  drains  beyond 
the  minimum  number  that  will  lower  the  subsoil  water,  and  that 
they  should  be  as  fEu:  removed  from  buildings  as  possible. 

In  clay  soils  numerous  drains  are  requisite  to  overpower  the 
retentive  properties  which  such  soils  possess.  The  greater  the 
number  the  better  will  that  purpose  be  fulfilled. 

All  drains  should  be  made  secure  against  the  entry  of  the  roots  of 
trees,  and  the  accumulation  of  peroxide  of  iron,  and  other  impedi- 
ments ;  this  will  be  done  by  carefully  jointing  the  pipes  with  tarred 
gaskin  and  Portland  cement  when  passing  through  any  places 
subject  to  such  obstructions. 

Though  it  is  desirable  to  avoid  placing  drains  under  any  buildings, 
still  they  are  sometimes  essential  to  the  perfect  drainage  of  the  sites 
of  dwellings  built  on  clay  soils.  When  adopted,  care  must  be  taken 
to  produce,  by  the  complete  aeration  of  the  subsoil,  that  uniform 
disintegration  which  will  prevent  contraction  and  expansion  under 
different  conditions  of  the  atmosphere,  so  as  to  avoid  any  injurious 
effect  upon  the  superstructure. 
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I  need  hardly  say  that  when  speaking  of  pliusing  "  drams  "  niider 
dwellings,  I  am  nut  speaking  of  "  aewors." 

XLIX.— CoNCBETE  Floors  and  Ansis  to  Basehihts,  and 
Damp  Codrses  to  Walls  Essential  to  HsALTHfUL  Dwellings. 
After  the  water  level  in  the  groniid  has  been  lowered  by  drainage, 
every  care  should  etitl  be  taken  tr>  prevent  dampness  rising  into  the 
basement  floors  or  up  the  walla  tlirough  the  fonudations  of  the 
dwelling.  To  protect  basement  floors  from  this  evil  it  is  desirable 
to  lay  tbem  on  a  bed  of  concrefo  extending  over  the  base  of 
the  dwelling  From  ontside  wall  to  ont^iide  wall,  as  is  sliowii  upon 
Dratoing  I.,  Fig.  4.  This  will  not  only  prevent  dampneas 
and  ground  air  rising  from  the  underlying  soil  into  the  inhabited 
apartments  of  the  dwelling,  but  it  will  also  prevent  any 
liqaid  refuse  from  sinking  into  tlic  ground  beneath  to  agjfra- 
vate  the  pornicions  character  of  the  ground  air.  To  prevent 
moistnre  from  rising  np  the  walls  of  dwellings  it  is  now  a 
general  practice  to  build  them  on  a  foundation  of  concrete,  and 
to  have  damp  courses  consisting  of  an  impervious  layer  of 
.cement  and  slate,  or  of  asphalte,  between  the  courses  of  bricks 
or  layers  of  stonewoik;  and  '.he  bed  of  concrete  under  Ihe  base- 
ment floors  should  be  to  the  cellars  and  rooms  above  them  what 
the  dsmp  course  is  to  the  walls. 

All  dwellings  possessing  basement  floors  under  the  level  of  the 
natural  surlace  of  the  gi-ound,  should  have  areas  between  the 
BUrrounding  ground  and  their  walls,  with  proper  sewers  and 
drains  laid  beneath  the  areas  to  discbarge  liquid  refuse  and  any 
snrface  water,  which  wonld  otherwise  collect  in  the  areas.  (See  same 

In  clay  soilfl,  cellars  and  basement  floors  shonid  be  avoided  alto- 
gether, for  the  retentive  properties  of  clays  will  invariably  canse 
dampness — and  therefore  coldness — within  the  dwelling,  which  no 
under-draiuage  can  effectually  overcome.  Dwellings  erected  on  clay 
aoik  onght,  in  fact,  as  a  rule,  to  be  well  raised  above  the  gronnd- 
snrfncc,  with  a  free  ventilation  between  the  snrfaoe  and  the  ground 
floor  of  the  dwelling. 

L. — Deippino  Roofs.  Dripping  roofs  ai-e  a  very  commou  cause 
of  dampness  iu  the  soil  in  immediate  contact  with  the  walls  of 
dwellings.  Many  a  house  without  a  busement  floor,  and  otherwise 
dry  and  healthy,  is  rendered  quite  unfit  for  the  habitation  of  the 
aged  and  the  infirm  &om  this  cause  alone.     It  will  be  freqaently 
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observed  tbat  the  rain  falling  on  the  roofs  of  country  mansions  is 
allowed  to  drip  npon  and  soak  into  the  ground  adjacent  to  their 
walls,  owing  to  the  absence  of  proper  eave-troughs,  down  pipes, 
and  water-tight  outlets,  and  if  we  examine  the  dwellings  in  the 
majority  of  our  country  towns  and  villages  it  will  be  found  that  the 
same  condition  prevails  with  them  even  in  a  greater  degree.  It  is 
in  the  abseuce  of  precautionary  measures  to  secure  a  healthy  base 
to  the  dwelling  that  **  dry  "  rot — which  owes  its  name  rather  to  the 
effect  produced  than  to  the  cause — takes  root.  This  much  dreaded 
enemy  is  generated  in  a  damp,  close,  and  dark  atmosphere,  though 
when  once  in  existence  ifr  seems  to  rise  with  extraordinaiy  rapidity 
from  its  bed,  and  to  spread  vigorously  through  timber  and  walls  in 
all  situations,  dry  or  damp,  light  or  dark. 

THE  SEWERAGE  OF  THE  DWELLING. 
I  now  approach  the  subject  of  the  Sewerage  of  the  Dwelling. 

LI. — Definition  of  "  Sewage."  There  exists  much  confusion 
as  to  the  meaning  of  the  term  "  sewage,"  which,  so  long  as  it 
continues,  will  interfere  with  a  proper  exercise  of  the  duties  of  both 
sanitary  authorities  and  sanitary  officers.  The  Sewage  Committee 
of  the  British  Association  declared  that  the  term  sewage  applied  to 
any  refuse  from  human  habitation  that  may  affect  the  public  health 
(First  Report  of  the  Sewage  Committee  of  the  British  Association, 
1869),  and  this  broad  acceptation  of  the  term  may  be  fully  justified.* 

When  considering  the  work  of  the  Engineer  it  will  be  better  to 
divide  sewage  into  two  parts,  1st — the  refuse  of  which  the  medium 
of  removal  is  water;  and  2nd — the  solid  refuse  and  garbage  con- 
veyed by  hand  to  the  ash-pit  or  dust-bin,  and  the  excretal  contents 
of  the  privy  or  outside  closet,  the  removal  of  which  may  be  effected 
by  mixture  with  earth,  ashes,  or  other  dry  material. 

The  first,  or  liquid  refuse,  will  be  discharged  by  the  sewer ;  the 
second,  or  solid  refuse,  will  be  removed  by  the  scavenger. 

*  "  Sewage  is  a  very  ooiiplez  liquid ;  a  large  proportion  of  its  most  offensive  matters  is,  of 
coarse,  human  excrement  discharged  fh>m  water-closets  and  privies,  and  also  urine  thrown 
down  gull  v-holes.  But  mixed  with  this  there  is  the  water  from  kitchens  containiug  vege- 
table, animal,  and  other  refhse ;  and  that  from  wash-houses  containing  soap  and  the  animal 
matters  fh^m  soiled  linen.  There  is  also  the  drainage  fW>m  stables  and  cow-houses,  and 
that  from  slaughter-honses  containing  animal  and  vegetable  ofibl.  lu  cases  where  privies 
and  cesspools  are  used  instead  of  water-closets,  or  these  are  not  connected  with  the  sewers, 
there  is  still  a  large  proportion  of  huma  i  rofuse  in  the  form  of  chamber  slops  and  urine. 
In  flACt,  sewage  cannot  be  looked  upcu  as  composed  solely  of  human  excrement  dilated 
with  water,  but  as  water  mixed  with  a  vast  variety  of  matters,  some  held  in  suspension, 
some  in  solation."— 22»D«rt  PolUUion  Cou^miuionen, 
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Ln. — TsB  Mode  of  Disposinq  of  tog  Liquid  Rbfuhs  most 
BB  Dbtebmined  Before  Litinq  Out  the  External  Sewubs  or 
Dwellings.  In  order  to  lay  ont  the  external  aewer&ge  of  the 
dwelling  it  is  absolutely  aeoessary  to  determine  beforehand  the 
mode  of  disposing  of  the  liquid  refose. 

In  nrban  or  rural  diBtriota,  where  fin  available  eystem  of  sewera 
already  exists,  the  liquid  refuse  of  all  dwellings  within  those  dUbiots 
should  be  discharged  into  the  nearest  "oommoii  sewer"  bya  private 
common icat in g  sewer — called  in  the  Fablic  Health  Act,  1875,  ft 
"  drain  "—(Clause  21  oi  M^,,  38  &  39  Vict.,  Cap.  55).  The  mode 
of  disposal  will  then  be  left  to  the  sanitary  authority  of  the  district, 
and  the  owner  of  the  dwelling  will  be  thns  relieved  of  alt  difficulty 
on  that  question.  In  such  a  case  the  direction  of  the  communioatin^ 
sewer  will  depend  upon  whether  it  follows  a  course  of  its  own 
(see  Drawing  II.),  or  conforms  to  a  combined  arrangement 
designed  to  collect  the  liquid  refose  from  the  backs  of  sevtiral 
neighbouring  dwellings,  so  as  to  avoid  the  passage  of  sewers  under 
any  inhabited  baiiding.  In  thickly  crowded  towns  this  cannot  be 
avoided  altogether,  thongh  much  may  be  done  by  combined  back 
arrangements  in  the  way  snggeated  by  Mr.  Hawlinson,  and  showti 
on  Drawing  III. 

There  is  considerable  difficulty  in  dealing  with  sewage  at  all 
times,  but  the  difficulty  is  often  much  increased  in  isolated  dwellings 
by  personal  considerations  which  are  disregarded  in  combined 
works.  Isolation  does  uot  necessarily  mean  exemption  &x>m 
statn table  obligations. 

LIU. — On  Peh.sknt  Legal  Oblisations  in  Relation  to  ths 
Ligni)  Refuse  rROM  Isolated  DwELUxas.  The  tratb  of  this  last 
remark  becomes  more  manifest  directly  it  is  acknowledged  that  all 
liquid  refuse,  come  from  whence  it  may,  must  be  cle^Dscd  and  freed 
from  polluting  matters  before  it  finds  its  way  into  the  river  or  water- 
course which  Nature  has  provided  for  il^  nlumate  reception. 

With  the  Government  hesitating,  nnder  present  difficnlties,  to 
protect  the  water  supply  of  locaUtiea,  there  is  much  disiuclination 
on  the  part  of  country  gentlemen  and  occupants  of  isolated  dwelling 
in  mral  districts  to  acknowledge  this  obligation ;  but  it  cannot  be 
long  evaded  now  that  every  vUlage  and  district  acknowledges  a 
sanitary  authority, and  is  amenable  to  sanitary  regulations,  compellinv 
them  to  conform  to  the  same  law  that  enforces  those  veg illations 
upon  large  communities. 
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By  the  17th  olanse  of  ike  Public  Health  Act,  1875,  it  is  declared 
that  "  nothing  in  that  Act  shall  anthorize  any  local  authority  to 
make  or  nse  any  sewer,  drain,  or  outfall,  for  the  purpose  of 
conveying  sewage  or  filthy  water  into  any  natural  stream  or  water- 
course, or  into  any  canal,  pond,  or  lake,  until  such  sewage  or  filthy 
water  is  freed  from  all  excrementitious  or  other  foul  or  noxious 
matter.'**  As  soon  as  the  obligation  imposed  by  this  clause — ^which, 
unfortunately  for  this  country,  aims  negatively  rather  than  positively 
at  the  purification  of  rivers — is  acknowledged  in  rural  districts, 
those  persons  occupying  isolated  dwellings  will  discontinue  their 
present  mode  of  discharging  their  liquid  refuse  indiscriminately 
into  rivers.  The  law  will  in  truth  be  enforced  by  inspectors  of 
nuisances  when  they  have  been  educated  to  their  duties,  and  by 
medical  officers  of  health  who  will  become  more  vigilant  as  they 
gain  experience,  and  who  will  feel  bound  in  obedience  to  the 
general  law  to  allow  of  no  exemptions. 

LIV. — Mechanical  Deposition  and  Chemical  Precipitation  in- 
applicable TO  Isolated  Dwellings.  The  several  treatments  of 
sewage  by  simple  sabsidence,  or  by  mixture  with  lime  or  other 
ingredients  to  facilitate  precipitation  have  been  declared,  after  the 
most  elaborate  investigations  by  the  first  chemists  of  the  age,  to  fail 
in  freeing  sewage  of  all  foul  and  noxious  matter.  At  the  best  they 
clarify  without  purifying  thu  liquid  effluent.  As  the  time  is  at  hand 
when  clarification  will  not  be  regarded  as  the  only  proof  of  fitness 
required  for  the  admission  of  liquids  into  running  streams,  it  will  be 
obvious  that  no  occupant  of  a  dwelling  would  be  justified  in  adopting 
either  subsidence  or  precipitation.  Moreover,  chemical  treatment 
is  invariably  attended  with  very  considerable  expense,  which  is  not 
recovered  in  the  value  of  the  product,  and  this  loss,  which  a  com- 
munity may  be  content  to  suffer  when  there  are  many  contributors  to 
it,  will  always  be  resisted  by  single  individuals.  Even  the  clarifica- 
tion of  the  liquid  refuse  of  a  dwelling  can  only  be  maintained  by 
labourers  and  servants,  who  at  any  moment  might  fail  in  producing 
the  desired  effect,  and  subject  the  occupant  to  the  penalties  set 
forth  in  the  69th  Section  of  the  Public  Health  Act,  1875.  I  am  led 
to  lay  stress  on  this  point  because  every  day's  experience  is  showing 


*  By  the  Rivera  Pollation  Prevention  Act  (39  &  40  Vic,  c.  76),  which  has  become  ]wn  daring 
the  revision  of  these  leotores,  it  is  laid  down  that  no  sewage  or  noxious  matter  shall  be 
discharged  into  a  river  or  water'Ooorse  until  it  has  been  ftreed  of  its  polluting  ingredients 
by  th€  h€tt  pracHeable  and  availabU  tManM, 
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tliat  whererer  a  oaoatnncj  of  effect  is  of  tbe  first  importaao^^ 

dependence  can  be  placed  on  manual   serrice. 

LV. — Modes  of  tbeatino  Sewioe  AVAiLiBLE  foe  Isolated  Dwst- 
LINOS.  Bj  reajiing  tho  intcrpretatioa  clause  of  the  PabUc  FTwtlfr)! 
Act  (see  Section  XLV.),  it  will  be  seen  that  the  Legislature  has  not 
helped  ia  removing  the  diffiualties  of  this  important  branch  of  the 
sewage  qnestioa,  for  it  contemplates  that  the  hqnid  refoae  of  isol&ted 
dwellings  may  be  discharged  into  some  ceae^ool  or  other  like  recepiaele 
(when  not  received  into  a  common  sewer),  where  it  would  be  Bah- 
jected  to  snch  treatment  as  would  free  the  occupants  of  liabili^  to 
penalties  for  nnisauce  or  river  pollution.  What  that  treatment  afaoU 
be,  under  the  various  conditions  wbtch  will  arise,  has  been  left  to 
those  who  are  immediately  concerned.  The  question,  in  fact,  has 
been  studiously  avoided  up  to  this  time  by  all  parties  alike,  and  the 
disposition  of  individuals  to  deal  with  it  has,  therefore,  gradually 
become  less.  Can  this  be  wondered  at  when  all  practical  minds 
regard  "  cesapoola  "  as  evils  of  the  worst  order  ? 

If  the  sewage  be  taken  to  a  considerable  distance  from  the  dwell- 
ing to  a  "  cesspool,  "  sumpt,  or  other  like  receptiicle  purposely  made  to 
allow  the  tiqnid  to  escape  out  of  it  into  a  poittus  soil,  such  as  the 
chalk,  the  red  sandstone,  or  one  of  the  free  oolitic  beda,  the  sewage 
will  probably  soak  away  down  to  the  subterranean  water  level  at 
whatever  deptli  it  may  be.  K  the  depth  be  great,  no  mischief  what- 
ever may  follow. 

If,  on  the  contrary,  the  water  level  be  near  the  surface,  then  the 
cesspool  and  its  unseen  outpourings^ though  relieving  the  occupier 
of  the  dwelling  of  considerable  trouble  for  a  time — will  remain  liable 
to  all  the  objectiouB  to  which  common  privy-cesspits  are  admittedly 
subject.  The  "  dumb  "  wells,  which  the  larger  cesspools  become, 
have  been  adopted  in  a  great  number  of  places  where  the  sanitary 
authorities  of  urban  and  rnral  districts  have  been  unable  op 
nuwilling  to  cope  with  the  dispo.sal  of  the  sewage  of  their  distriota  ; 
and  wherever,  as  1  have  said,  the  ground  water  ia  shallow,  the 
creation  of  a  concentrated  evil  of  tho  worst  description  has  been 
the  consequence.  In  instances  where  the  subsoil  ia  of  a  cliaraoter 
not  to  absorb  the  sewage — such  as  a  claj  soil — as  it  has  escaped  fron 
the  cesspool,  the  occupier  has  beeu  compelled  tO'  lift  it  to  the 
surface,  and  distribute  it  by  hand  or  hose  over  grass,  arable,  or 
garden  land  near  at  hand,  or  cast  it  away  to  a  distance.  This  treat- 
ment ia  subject,  however,  to  the  irregularity  attending  all  moauat 
work,  and  generally  results  in  a  nuisance, 
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Wherover  the  grounds  attached  to  dwellings — I  refer  to  country 
mansions,  and  large  iDstitutious — are  Gufficietitly  wide  in  area,  and 
possess  snrface  capabilities  to  allow  of  the  applicatioa  of  the  sewage 
direct  to  laiid,  as  indicated  by  Dratmng  II.  without  the  same 
dependence  upon  personal  attention  as  in  the  treatment  to  which  I 
have  JQst  referred,  snch  a  disposal  will  be  altogether  free  from 
objection, — the  primary  condition  essential  to  success  being  that  the 
whole  liqnid  dealt  with  shall  percolate  through  a  sufficient  quantity 
and  depth  of  soil  to  enanre  its  altimato  discharge  in  a  cleansed 
condition.  To  ensure  thin,  natural  or  artiScial  an der- drainage  of 
the  land  is  essential  whether  the  sewage  be  applied  by  way  of  surface 
irrigation  or  intermittent  downward  filtration,  and  clay  soils  should,  as 
a  rnle,  be  avoided,  though  with  great  care  they  may  be  made  available. 

The  superficial  extent  of  land  which  it  may  be  desirable  to  appro- 
priate to  the  purification  of  sewage  discharged  from  private 
dwellings  will  depend  upon  the  character  of  the  soil,  the  area  at 
command  and  other  local  circumstances.  With  suitable  soils  which 
have  been  rendered  iiniformJy  percotative,  and  occupy  a  favourable 
position  in  relation  to  outfall,  &c.,  the  quantity  of  land  utilized  may 
be  increased  or  reduced,  and  wide  surface  irrigation  or  intermittent 
downward  filtration  adopted  just  as  it  may  be  found  cspedient. 

In  Division  V.,  to  be  devoted  to  the  disposal  of  sewage,  I  shall 
explain  both  the  process  oF  surface  iiTigatiou  as  practised  for  many 
years,  and  that  of  intermittent  downward  filtration  as  more  recently 
brought  into  notice. 

In  the  meantime  I  may  state  that  Dr.  Edward  Frankland,  after 
making  numerous  laboratory  experiments,  declared  as  the  result  of 
his  investigatiou,  that  the  sewage  of  3,300,  or  say  3,000,  persons  might 
he  cleansed  by  intermittent  filtration  through  one  acre  of  suitable 
land  drained  six  feet  deep,  but  that  the  pi-ocess  would-  be  thought, 
bo  open  to  certain  objectiona.  My  long  connection  with  agricul- 
tural works  of  all  kinds  enabled  me  to  appreciate  Dr.  Frankland's 
theory.  I  suggested  as  the  means  of  overcoming  the  objections 
anticipated,  and  in  order  to  secure  an  undoubted  permanency  of 
oSect  and  continued  freedom  from  everything  like  nuisance,  that 
instead  of  using  the  same  land  for  filtration  one  year  after  another, 
it  should  be  used  every  third  year,  so  as  to  give  two  years'  rest,  It 
is  true  that  this  rotation  neccasitates  the  use  of  three  acres  instead 
of  one  for  3,300  persons,  i.e.,  ono  acre  for  1,100  persons  ;  but  the 
increase  of  quantity  still  leaves  the  process  the  simplest  and  cheapest 
mode  of  purifpng  sewage  hitherto  known,  and  one  partionlarly 
available  for    isolated   dwellings   and  institutions. 
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Practice  following  this  enggeatioa  has  shown  that  if  the  area  of 
land  at  command  be  limited,  any  quantity  not  less  in  proportion 
than  one  acre  for  1,000  pereonB  will  be  sufficient  for  the  perfect 
cleansing  of  the  liquid  refuse  discharged,  while  some  return  in  the 
shape  of  vegetables  from  the  land  bo  used  may  be  obtained.  If, 
however,  the  surface  available  he  unlimited,  the  ecwage  may  be 
applied  by  way  of  sorfacc  irrigation  in  the  proportion  of  one 
aero  for  100  persons  with  the  probability  of  a  larger  return  from 
the  vegetables  grown  than  in  the  other  case.  Any  quantity  of 
land  between  these  two  extreTues  which  the  circumstances  may 
prescribe,  may  be  ntilJEed  with  satisfactory  efl'oct. 

Still  it  cannot  be  too  well  understood  that  sach  is  the  purifying 
power  of  natural  soil  where  sewage  percolates  evenly  through  it,  that 
it  is  not  at  all  impossible  that  the  area  of  land  which  would  suffice 
to  free  the  liquid  refuse  of  a  largo  mansion  from  all  foul  or  noxioos 
matter,  and  render  it  fit  to  he  discharged  into  any  natnral  stream  or 
water-course,  need  be  but  a  very  few  pules  if  that  area  is  specially 
prepared  for  the  purpose. 

I  can  bring  under  yonr  notice  a  very  good  illustration  of  what  can 
be  done  in  this  way  in  the  form  of  a  letter  which  I  received  from 
Baron  von  Liebig,  very  shortly  before  his  death.  It  tells  its  own  tale 
so  well  that  I  will  give  the  translation  of  it  without  further  preface. 

"  Receive  my  best  thanks  for  your  letter  of  the  3rd  instant, 
and  for  the  paper  on  IiitenniUenI  FUlralioii  through  Natural  SaU. 
I  have  read  this  with  great  pleasure  and  real  satisfaction.  You  have 
ntilised  in  the  roost  effective  woy  for  the  service  of  populations,  the 
natural  law  which  I  laid  down  in  my  book,  The  Natural  Lawt  of 
Stighandry,  pp,  113  and  114.  Tour  plan  for  the  purification  of 
liquid  sewage  and  the  removal  of  its  injutiuus  qualities,  as  well  aa 
the  technical  execution  of  the  plan,  and  the  use  of  sewage  as  manure, 
are  alike  excellent,  and  I  only  wish  that  use  may  be  made  of  it  in 
other  places.  In  Silesia  for  some  years  past  the  best  bbo  has  been 
made  of  yonr  principles  in  the  Beetrroot  Sugar  Maoufactory  of 
Herr  von  Bath.  In  the  neighbourhood  where  this  manufactory  ia 
situated  there  is  a  want  of  spring  water  and  of  water  gcneraUy,  and 
this  want  has  called  forth  the  following  arrangement.  All  water 
that  has  been  used  in  the  manufactory,  and  generally  all  waste  of 
fool  liquids,  are  discharged  on  to  a  well-drained  piece  of  laud  close 
at  hand  and  the  filtered  effluent  water  is  collected  in  a  wull.  It  is 
pore  and  clear  and  it  is  again  raised  by  a  pump  and  used  in  the 
mannfactory  as  fresh  wat«r.  Enormous  crops  of  grass  are  obtained 
from  the  piece  of  land  which  serves  for  filtration." 
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In  order  to  avoid  even  the  idea  of  naisance,  the  land  selected  for 
sewage  treatment  should  be  sitaated  at  a  dist-ance  of  two  fnrlongs  or 
more  firoiu  the  dwelling,  though  in  tbo  cases  of  certain  public 
aajlums  and  hospitals  much  less  than  that  distance  has  been  Found 
by  experience  to  be  quite  eu£ciout 

LVI. — Mbanb  of  collkctino  the  Liijdid  Rbfcsb  of  the  Dwellibo, 
ASD  OF  EEOULATIKO  1T8  DiSTBiBnTiOK  ON  Land.  The  gTBat,  if  uot  the 
only  difficulty  which  is  practicaUy  eaperieuced  in  disposing  of  the 
sewage  of  isolated  dwellinga  and  iuatitutions  upon  land,  is  that  due 
to  the  irregular  aud  comparatively  small  outflow,  whitih  at  different 
times  of  the  day  is  discharged  from  them  and  which  has  rendered  it 
necessary  to  devise  a  means  of  coUectiug  the  sewage  aud  dealing 
with  it  in  fixed  quantities.  It  was  with  this  object  that  the  self- 
acting  sewage  regulator  was  devised  (see  Appendix,  Drawing  11.), 
and  as  I  know  of  no  other  arrangement  by  which  this  im> 
portant  oltject  is  accompLished  I  will  shortly  describe  it.  It 
ooQsists  of  a  tank  or  receptacle  so  constructed  as  to  hold  either 
tho  third,  or  the  half,  or  the  whole  of  the  sewage  discharged 
each  day  from  the  dwelling,  the  quantity  to  be  collected  being 
determined  by  tho  character  and  amount  of  sewage  to  be  dealt 
with  in  the  day.  The  land  to  receive  this  pre- determined 
quantity  of  sewage  must  be  at  aach  a  level  and  of  such  a  form 
as  to  allow  of  the  whole  quantity  collected  in  the  regulator 
being  discharged  up^n  and  evenly  distributed  over  its  surface  to  be 
absorbed  by  the  soil.  The  tank  to  hold  tbe  pre- determined  quantity 
of  sewagi'  should  bo  as  deep  as  can  be  arranged,  for  the  dt  oper 
it  is  the  less  will  be  the  superficial  space  it  will  occupy,  and 
the  less  chance  there  will  be  of  escape  of  effluvium.  To  effect  the 
discharge  of  its  contents  automatically,  at  any  time  of  the  night 
as  well  aa  of  the  day,  a  syphon  is  attached  to  the  tank  and  bo 
arranged  that  it  comes  into  action  directly  the  sewage  rises  to  a 
certain  height.  Thus  the  sewage  is  delivered  in  eqnal  quautitios 
and  at  desirable  intervals  upon  a  certain  quantity  of  land  over  which 
it  distribntes  itself,  and  by  which  it  is  absorbed  and  cleansed, — such 
land  having  been  carefully  underdrained  eo  as  to  seonre  aeration 
and  thorough  inflltration. 

A  description  and  the  drawings  showing. this  invention — which  is 
now  getting  into  use — are  given  in  tho  Appendix. 

The  regulator  has  been  in  operation  at  Eastwick,  near  Leatherhead, 
in  Surrey,  more  than  3^  years.  There  the  liquid  refuse  of  a  mansion, 
a  small  hamlet,  and  a  home  farm  (see  Appendix,  Draming  HI.),  is 
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brought  by  an  tmdergroaiid  oonduit  to  the  regulator,  And  t\ 
discfaarged  on  to  a  piece  of  land  about  f  of  as  acre  in  extent,  sittii 
abont  300  jarde  from  the  mansion.  The  Bewage  is  collected  i 
discharged,  independently  of  all  personal  attention,  npon  this  laud, 
the  snrface  of  which  is  ridged  and  farrowed.  Down  certain  furrowa 
the  sewage  is  ran  one  day,  and  down  other  farrowB  the  next,  and 
on  the  ridges  excellent  crops  of  cabbnges  and  other  vegetables  are 
grown,  fed  by  the  sewage  in  the  farrows,  in  which  have  been  placed 
ench  "stops"  as  will  retard  the  flow  as  required. 

LVil. — Reasons  why  Sdb-Ibeioation  mat  be  Danokuol's.  Sub- 
irrigation  has  been  saggested  as  another  means  of  disposing  of  the 
sewage  of  dwellings.  It  has  been  received  with  favor,  and  has  been 
adopted  on  free  soils  with  apparent  success,  but  as  the  liquid  is 
distributed  by  onderground  pipes  through  the  subsoil,  and  they  are 
out  of  sight,  the  process  is  liable  to  objections,  even  if  the  sabsoil 
IB  drained,  which  sanitarians  cannot  fail  to  recognize. 

The  foremost  of  these  objections  is  the  fact  that  the  distribatiug 
pipes  must  sooner  or  lat«r  become  choked  with  the  minute  eoUd 
matters  held  by  the  liquid  refuse  in  suspension,  and  when  thia  is 
the  case  an  "excrement-sodden"  condition  of  soil  is  produced.  A 
stoppage  can  only  be  detected  by  positive  signs  of  wetness  on  the 
surface,  and  not  nntil  the  evils  produced  by  exhalations  from  ezcre- 
mentitious  matter  may  have  gained  an  ascendancy.  Mr.  Rogers  Field 
has  done  much  to  overcome  these  objections.  The  di-ains  bj  which  he 
effects  the  distribution  of  the  liquid,  and  which  consist  of  common 
two-inch  agricultural  drain  pipes,  are  laid  some  10  or  12  inches 
below  the  snr&ce  on  a  coutinnons  bed  formed  of  larger  pipes  divided 
longitudinally  into  two  equal  parts  as  shown  in  the  following  figore. 
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This  bed  is  not  disturbed  when  the  pipes  ai-e  (aken  np  to  be  cleaned, 
which  ensures  their  being  readily  relaid  in  true  position.  The 
sewage  fiowa  out  of  the  joints  into  the  soil,  and  feeds  the  vegetation, 
and  the  concentration  of  the  flow,  effected  by  the  sudden  discharge 
of  a  flush  tank  with  which  the  drains  ai-e  connected,  and  Tvhioli 
will  be  hereafter  explained,  forces  the  liquid  rapidly  along  the  pipes. 
Sub- irrigation,  however,  is  a  process  faulty  in  principle,  as  it  feeds 
regetation    by    the   upward    rising  of    moisture    accompanied    by 


THE   D\VELLINO. 


65 


evftporation,  with  alt  the  chilling  inflneticea  which  are  bo  injuriooB  to 
vegetation  aa  well  as  to  human  beings. 

When  I  proposed  to  the  late  Lord  Palmeraton,  15  years  back — 
whilst  enga^d  in  the  drainage  of  a  portion  of  the  Teat  Valley, 
eitoated  near  his  seat  at  Broadlands — that  his  lordship  shontd  adopt 
Bub- irrigation  by  admitting  water  from  the  river  into  the  nnder- 
drains  of  some  meadows  at  a  lower  level — ao  arrangement  which 
could  be  readily  effected  by  closing  the  outlets- — he  reminded  me  that 
evety  good  gardener  had  abandoned  the  old  practice  of  watering 
plants  in  pots  from  the  saucers  beneath  tbem  "becaose,"  he  said, 
"  they  found  that  plants  wore  not  maintained  in  the  same  healthy 
vigour  when  there  existed  superabundant  wetness  at  their  feet,  br 
when  they  were  supplied  with  water  in  moderation  from  above." 

LVni. — EiTEBNAL   Sewerage  or  the  Dwelling.    The  private 

communicating  sewer  to  oonneot  the  dwelling  with  the  (pnbUc) 
common  aewer,  or  with  the  "cesspool  or  other  like  receptacle," — such 
as  the  regulator  just  described — should  conform  to  the  following 
conditiosB. 

(1)  CotiitiiiClioJi.  It  should  bo  constructed  of  stone-ware 
glased  pipes  jointed  in  such  a  manner  as  to  form  a  perfectly  wat«r< 
tight  condoit  resisting  alike  the  inQnz  of  subsoil  wator  into  it,  and 
the  efflux  of  sewage  out  of  it,  and  resisting  also  tho  intrusion  of  the 
roots  of  shrubs  and  trees  which  manage  in  the  most  exb'aordinary 

r  to  find  a  passage  into  both  drains  and  sewers  through  the 
Puddled  chiy  fails  to  secnre  a  perfect  joint  near  roots  which 

I  search  of  wat«r,  and  it  also  fails  where  the  pipes  are 
laid  in  a  dry  soil,  where  drought  and  evaporation  will  cause  tho 
clay  to  crack,  and  to  destroy  it*)  water-tight  condition.  When 
cement  is  used  too  great  care  cannot  be  exercised  to  prevent  cracking, 
Bg  minnte  rootlets  creep  throagh  the  least  fissures.  Tarred  gaskin 
and  cement  are  the  best  materials  for  rendering  joints  water-tight 
and,  at  the  same  time,  capable  of  resisting  the  intrusion  of  tree  roots. 
The  advantage  of  a  water-tight  sewer  will  commend  itself  to  the 
occupiers  of  dwellings  by  tho  fact  that  if  the  sewage  finds  its  way  out 
of  an  imperfectly  constructed  sewer,  tho  sedimentary  particles  will 
be  left  behind  in  the  sewers  to  oollect  within  and  ultimately 
choke  it. 

(2)  Position  or  Oourge.  A  sewer  should  in  no  case  where  it 
can  possibly  be  avoided  pass  under  the  dwelling.  Where,  however, 
in  crowded  towns,  this  cannot  be  avoided,  the  private  communicating 
sewer  should,  if  possible,  be  laid  under  a  passage  or  paved  floor,  and 
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it  ahonld  be  bedded  in  cioncrefe  and  provided  ivitli  a  ready  means  of 

jnapection  without  bi-eaking  the  pipes  (see  Section  LXXXIV.). 
Any  Hewer  thus  pawtiDg  under  the  dwelling,  shonld  be  carried 
completely  throngh  from  oatside  to  oatnide,  having  at  each  end  & 
trap  with  grated  covering,  bo  au  to  gain  thorongh  ventilation,  i.e.,  a 
passage  of  air  along  its  entire  length.  On  the  npper  nide  it  should 
also  be  pinvided  nith  a  means  of  Hushing  in  ordei'  to  keep  the 
pipes  dear  of  deposit,  and  the  pipes  themselves  should  be  carefully 
relieved  from  pressure  by  arches  when  passing  under  walls. 

The  coar§e  of  the  private  communicating  sewer  from  the  dwelling 
to  the  common  sewer  or  ontfull  should  be  as  direct  as  possible,  and 
where  one  line  cannot  be  adopted,  it  ahould  consist  of  straigbt  lines 
from  angle  to  angle,  at  each  of  which  an  inEpection  and  ventilation 
shaft  or  covered  sumpt  should  be  provided.  Care  should  be  taken  by 
the  use  of  concrete  or  by  other  expedients  to  prevent  the  sinkiDg 
of  any  of  the  pipes  in  infirm  soils  and  to  sustain  true  lines  at 
continuity.  A  faulty  sewer  close  to  a  dwelling  is  always  to 
be  dreaded  from  the  circumstance  that  the  inner  warmth  of  the 
dwelling  will  draw  in  any  noiious  gas  existing  in  the  sewer  throngh 
the  &ult  itself.  The  union  of  the  private  cammunicatitig  Bewers  with 
the  common  or  outfall  sewer  Bhould  he  effected  by  a  curved  junction 
(see  t'iffs.  2  and  3).  so  that  the  sewage  should  be  delivered  to  the 
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eommon  aener  in  the  direction  of  the  main  current,  and  where 
possible  at  a  suilicient  height  above  the  level  of  the  ordinary  Sow 
of  sewage  to  prevent  the  se\vage  being  "  backed  "  or  forced  into  them 
from  the  common  sewer. 

(3)  [iiclinntion  aiid  Vel'ieily.  The  private  communicating 
sewer  should  be  laid  with  an  inclination  which  will  secure  for 
its  contents  a  velocity  of  not  less  than  three  feet,  and  not  more  than 
10  feet  per  second  wherever  those  limits  can  be  regarded.     Where 
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a  less  Telocity  than  three  feet  per  aecoad  can  only  be  obtained,  more 

than  ordinary  car©  mnat  be  exercised  to  secore  the  beat  formed  and 
JS,  in  order  to  prevent  the  adhesion  of  solid  matter  to 
the  aides  of  the  pipes.  Where  it  is  not  possible  to  procure  tlio 
desired  velocity  for  the  ordinary  flow  of  the  sewage  to  be  discharged, 
an  effective  and  special  means  of  flnaliicg  must  be  provided,  whicli 
shonld  be  automatic  in  ite  action  if  possible. 

(4)  Size.  No  private  commonicating  sewer  need  exceed  six 
inches  in  diameter,  except  in  very  large  establiahmente  or  institutions 
containing  a  large  number  of  inmates,  when  nine-inch  pipes,  or  pipes 
of  an  intermediate  size,  may  better  answer  the  purpose. 

The  following  table,  giving  the  velocity  and  discharge  of  different 
sized  sewers  laid  with  different  inoIinAtions  and  running  full, 
will  be  suggestively  useful : — 
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The  above  table  will  help  to  fix  the  siee  of  pipes  nsetj  for 
dwellings,  the  Engineer  making  such  deduction  or  allowance  as  the 
speoinl  conditions  of  each  ease  may  demand.  In  applying  the  table 
practically,  refereDce  shonld,  of  oourse,  be  had  to  the  maximum  rate  of 
outflow  which  may  take  place  at  any  time  of  the  day.  It  will  be 
observed  that  the  number  of  gallons  which  the  different  pipes  are 
capable  of  discharging  in  a  minute,  when  running  full  at  the 
different  inolinations  specified,  will  often  exceed  the  total  quantity  of 
sewage  to  be  discharged  from  a  dwelling  in  the  whole  of  the  day, 
and  yet  it  may  be  desirable  to  use  a  pipe  with  such  excessive 
capabilities  of  discharge. 

(5)  U.piid  Befme  from  Water-Closela  and  Urinals.  It  is 
desirable,  if  it  can  be  effected  withont  nuisance,  to  disconnect  the 
soil-pipe  of  water-closets  &om  the  sewer  by  a  trap  arraugement 
a  break  in  its  continuity  oulside  the  dwelling ;  bnt  there  is 
ao  mnch  probability  of  an  evil  arising,  sooner  or  later,  from  tihe  use 
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of  snob  disconnecting  traps,  which  wonld  in  itself  be  BiS  ^reat  as 
that  which  it  ia  intended  to  remove,  tliat  I  consider  it  better  tiot  to 
break  t!ie  continuity  of  the  soil-pipe  of  water-clo.sela,  but  to  trnat 
to  well-devrsed  doable  trapping,  with  proper  ventilation  of  the  soil- 
pipe  and  closet  trap,  (see  Fig.  2,  Drawlny  I.)  to  prevent  the  escape  of 
eewer  gas  into  the  dwelling  and  the  water  in  the  ptin  &om  be- 
coming f<etid,  and  to  prevent,  too,  one  trap  nnaealing  another  trap 
by  the  power  of  suction  which  Bumelinies  tnkes  oQect  when  the  ping 
of  a  higher  or  lower  closet  dbcbargiug  into  the  same  soil-pipe  is 


(6)  lAqiiiii  Refute  from  Sinks.  The  sundry  outlet  pipes  from 
the  scullery  sink  and  other  sinks  of  the  dwelling  (see  Fig^lr^  2, 
Drawvngl.),  which  ahsald  themselves  be  trapped  inside  the  dwelling, 
ahould,  under  no  ci re uma lances  whatever,  be  connected  directly  with 
the  communicating  sewer,  but  Hhuuld  discharge  upon  the  grated 
covering  of  a  trap  or  gnlly  fined  imniediiitely  outside  the  wbII  of  the 
dwelling.  Thetice  the  liquid  passes  iuto  the  trap,  and  by  the  trap 
into  the  sewer.  The  trap  being  itself  ventilated,  as  well  as  the  Bewer, 
by  a  special  shaft  or  pipe  taken  up  the  bouse  wall,  any  efflavia 
generated  in  or  riaiug  up  from  either,  will  escape  into  the  air  and 
not  into  the  dwelling. 

The  trapping  of  the  outlet  pipes  at  or  under  the  sinks  is  necee- 
sary  to  prevent  the  eFBuvia  from  the  trap  being  drawn  into  the 
dwelling  by  the  greater  warmth  of  the  inside  air.  All  solid  matter 
discharged  by  the  sink  pipes,  which  will  not  pass  through  the 
grated  covering,  should  be  treated  as  belonging  to  the  acavenger, 
and  be  removed  to  the  ash-pit. 


(7)  Inrpection  Shafts.  Where  the  private  communicating  aewer 
is  of  considerable  length,  and  follows  a  conrae  favourable  for  the 
provision  of  inspection  shafts,  sucb  as  may  be  formed  of  pipes  rising 
the  surface,  they  will  be  found  naeful  for  obaervinf^  the  flow  of 
sewage,  aud  for  veutilating  the  sewer  itself.  Care  is  necessary  in 
placing  these  shafts  so  as  to  avoid  the  objection  of  an  escape  of  gases 
in  frequented  places. 


(8)  BeTioval  of  Grease  anO.  Solid  Matters  deposited  in  Trap. 
Tunlu  or  (hdliet.  To  keep  the  private  communicating  sewer  clear 
of  tlie  deposit  of  kitchen  grease  (the  worst  of  all  impediments)  and 
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other  clogging  Embstances,  a  means  of  readily  intercepting  and 
collecting  these  matters  in  a  trap-tank  should  be  insisted  npon. 
Field's  flash-tank  does  this.  When  the  liquid  sink  refuse,  relieved 
of  these  solid  portions,  can  be  automaticallj  discharged  in  sufficient 
quantitj,  it  should  be  used  for  flushing  the  sewer,  and  the  collected 
grease  carefuUj  removed  from  the  trap-tank  (see  Fig,  30). 

(9)  00868  from  common  Sewers,  To  prevent  the  gases  generated 
in  the  common  sewer  from  passing  up  the  private  communicating 
sewers,  light  flaps  (see  Fig,  4)  maj  sometimes  be  advantage- 
ously introduced  at  the  junction  of  the  one  with  the  other.    This 


Fig.  4s. 


arrangement  can  only  be  effected  when  the  common  sewer  is  con- 
structed in  brickwork,  and  where  an  increased  fall  can  be  given 
to  the  private  sewer  just  above  the  junction.  I  am  using  very  light 
flaps  hung  on  balance  hinges,  made  by  Flood  and  Co. 

Syphon  traps  may  also  be  occasionally  introduced  for  the  same 
purpose.  As  a  rule,  however,  both  flaps  and  traps  are  to  be  avoided 
if  possible,  and  when  used  the  evils  by  which  they  are  sometimes 
attended  should  be  specially  guarded  against  by  the  best  of  work- 
manship and  arrangement. 

LIX. — ThB  VSNTILATINa  AND  FLUSHING  OF  THE   EXTERNAL   SbWBRS 

OF  THE  Dwelling.  Two  important  objects  in  connection  with 
the  private  communicating  sewers  of  dwellings  are  essential  to 


*•*  The  woodoaU  oaed  to  illustrate  thete  Lectnrei,  hav^  been  kindly  fturnished  me  \s^  the 
meken  of  the  appentiu  flgnred. 
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a  perfect  Bjstem.     I  refer  to  ventilation,  for  the  purpose  of  freeing 

the  sewers  of  noiious  gasee  and  effluvia,  and  to  flashing  for  eecoring 
the  frequent  clearance  of  depo§it. 

Ventilation  may  be  effected,  aa  already  stated  and  as  shown  in 
Dra'vmg  I.,  by  pipes — (1)  in  continnation  of  the  soil  pipe  of  the 
water  closet,  and  (2)  in  connection  with  the  communi Dating  sewer 
at  the  trap-tftnks  or  gnlliea  into  which  the  several  sinks  of  the 
dwelling  discharge. 

Ventilating  pipes  should  not  be  less  than  three  inches  in  diameter 
— better  if  fonr  inches, — and  should  be  carried  np  above  the  roof  of 
the  dwelling  to  avoid  the  possibility  of  the  passage  of  gases  or  effluvia 
by  the  windows  into  the  dwelling.  (See  Dramng  I,)  As  a  role 
the  down  pipes  for  the  discbarge  of  rain  water  from  roofs  should  be 
avoided  as  ventilators,  thongh  probably  in  certain  cases  they  may  be 
iised  without  objection.  Perfect  circolntion  of  air  through  the 
oommnnicating  sewer  of  the  dwelling  may  be  secured  by  the  double 
ventilation  to  be  effected  by  an  inlet  at  the  ground  level  and  an 
outlet  at  the  roof  This  simple  arrangement  is  a  very  important 
one.  It  will  doubtless  occur  to  yon  that  if  every  private  dwelling  in 
&  town  or  village  were  possessed  of  such  a  mode  of  ventilation,  the 
effluvia  wldch  now  often  rise  np  into  the  street  from  manholes, 
lampholes,  and  gnUies,  and  theoce  through  doorti  and  windows  into 
houses,  would  be  avoided.  It  has  been  proposed,  in  order  to  secnre 
a  constant  "  np"-di-anght  to  the  ventilating  pipes  attached  to 
dwellings,  that  a  hood  or  cowl,  revolving  with  the  wind,  should  be 
placed  on  the  top  of  them,  which  by  its  special  construction  shall 
draw  ont  the  contents  of  the  pipe  and  "  induce  an  npward  current  *' 
from  below.  There  are  several  inventions  aiming  at  this  object 
which  will  be  described  when  speaking  of  the  ventilation  of  the 
dwelling,  but  all  such  arrangements  are  only  to  be  recommended 
when  a  proper  circulation  of  air  cannot  be  secured  by  natur&l 
ventilation.     (See  I>rawii\g  IV.) 

The  second  object,  the  flashing  of  the  communicating  sewer,  may 
be  generally  effected  in  two  ways ;  first,  by  a  sufficiently  copioas 
and  well  regulated  supply  of  water  to  the  water-closets  inside 
the  dweUing  each  time  they  are  used,  and  next,  by  a  saffioientlj 
frequent  and  automatic  discbarge  of  the  liquid  refnse  of  the  ainlm 
after  it  has  been  collected  in  the  trap-tanks  outside  the  dwelling. 
The  supply  of  the  proper  quantity  of  water  to  the  closet  is  secured 
by  special  arrangement«  oonnected  with  the  closet  itself,  whereby  a 
precise  quantity — say  of  two  gallons — most  pass  through  the  basin  and 
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soil  pipe  on  each  occasion  of  use,  while  the  collection  acd  antomatic 
discharge  of  the  sink  liquid  maybe  effected  by  Field's  flash  tank, 
(which  will  be  hei'cafter  particularly  described)  or  some  such  con- 
trivance. By  tho  use  of  tanks  of  this  character  the  rain  nater 
from  the  roofs  may  also  be  turned  to  account  for  flashing,  and,  a^  it 
is  only  when  the  tank  becomes  full  that  its  contents  are  disohargfld, 
the  slightest  showera  are  made  to  contribute. 


LX. — Watkb  Closets  and  THEnt  Appliances,  akd  the 
AfiRANGBMESTB  FOK  VENTILATING  THEM.  With  very  few  exceptions 
the  excrernental  refuse  of  snperior  dwellings  throughout  this  country 
is  discharged  through  tho  medium  of  water-closets,  the  only  excep- 
tions being  those  comparatively  few  instances  where  earth  closets 
have  taken  their  place,  and  those  instances  where  neither 
earth  nor  water-closets  exist  trilkin  the  dwelling,  the  inmates 
still  following  the  old  but  waning  practice  of  nsing  external 
closets  of  some  kind  or  other.  Two  important  objects  should  be 
aimed  at  wherever  water-cloaetn  are  nsed  in  tho  dwelling  :  (1)  they 
should  be  ho  placi;d  that  no  objectionable  smell  shall  And  its  way 
into  the  interior  of  the  dwelling  when  they  are  nsed  ;  (2)  their 
machinery  should  be  so  arranged  that  no  gases  from  either  sewer, 
soil  pipe,  or  trap,  Khould  oBcape  inwartls.  To  effect  the  first  object 
all  water-closets  should  he  constructed  against  external  walls  with  a 
means  of  direct  open-air  ventilation,  and  there  shonld  be  in  addition, 
wherever  it  con  be  so  arranged,  a  lobby,  ante-room,  or  passa^ 
provided  with  a  like  means  of  ventilation,  between  the  closet  and  the 
interior  of  the  dwelling,  and  a  second  door  shonld  cnt  this  lobby  or 
apartment  off  from  the  interior  of  the  dwelling.  To  prevent  tho 
escape  of  gases  fium  the  soil  pipe  into  the  dwelling,  a  double  trap 
with  a  doable  means  of  ventilation  should  be  provided  between  tlie 
closet  basin  and  the  soil  pipe.  The  double  trapping  is  effected  first 
by  a  syphon,  or  other  trap,  in  connection  with  the  soil  pipe,  and  next, 
by  a  valve  or  pan  fitting  tho  bottom  of  tho  closet  basin,  while  tlio 
doable  ventilation  is  effected  firat,  by  a  continuation  of  the  soil  pipe 
upwards  to  the  roof;  and  next,  by  a  branch  into  it  from  the  trap 
beneath  the  closet  basin  as  shown  on  Brawhuj  1.,  Fig.  2.  Very 
mneh  depends  on  complete  ventilation. 

When  laying  down  rules  for  the  external  sewerage  of  the  dwelling, 
I  stated  that  it  woold  be  desirable  to  break  the  continuity  of  the 
pipe  from  the  water-closet  to  the  sewer,  if  it  could  be  effected  with- 
The  trap  known  as   the  "  Patent  Edinbui^h  Air 
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B  where  it  has  to  bo  fixed  to  pipes  ranch  below  the  ground  line,  it 
is  neceasaiy  to  build  up  the  eides  of  the  tiir-chamber  nntil  they 
reach  the  surface  or  an  inch  or  two  above  it.  Thin  is  readily 
done  by  alabe  of  alate,  atone,  or  brick  (the  former  are  beat)  on 
which  the  grids  may  be  placed.  It  is  absolutely  necessary  to 
leave  the  top  of  the  air-charaber  open  to  the  air,  whatever  may  be 
the  depth  at  which  it  ia  fixed. 

I  have  thought  it  right  to  describe  this  invention  somewhat  fully, 
becaose,  although  I  am  nnable  to  recommend  the  arrangement,  there 
can  be  no  doubt  of  ita  value  if  the  object  at  which  it  aims  can 
be  perfectly  fulfilled. 

With  respect  to  the  precise  character  of  water-closet  to  be 
recommended,  much  care  in  selection  is  needed,  for  a  great  nnmber 
of  those  now  in  use  are  of  a  very  imperfect  nature.  Many  descrip- 
tions of  closeta  have  a  great  tendency  to  collect  within  them  a 
portion  of  the  foul  matter  it  is  their  purpose  to  discharge,  and  thua 
to  partake  of  the  nature  of  small  cesspoola.  The  closets  provided 
with  what  is  known  as  the  "  D  "  trap  are  especially  objectionable 
on  this  account,  as  are  also  the  "  pan  "  closets,  which  should  always 
be  looked  upon  with  suspicion. 

Where  it  is  desired  to  have  an  ontaide  water-closet,  or  where  the 
apartment  in  which  the  apparatus  is  fixed  is  well  separated  from  the 
remainder  of  the  dwelling,  and  there  is  a  good  command  of  water, 
rnnoh  may  be  said  in  fayoar  of  the  Hopper  Closet  (see  Fig,  7.)  as 


n 


THE    rWBLLINa. 


In  Rmall  dwellings  with  plenty  of  water  this  closet  answers  its 
purpose  admirably,  and  where  waste  of  water  is  feared  from  it«  n*e 
it  tnaj  be  prevented  by  the  addition  of  one  of  the  simplest 
"  Wajite-not"  contrivanc«a,  which  limit  the  supply  of  water  to  ku 
intended  quantity. 

For  the  larger  class  of  dwellings  in  which  a  more  perfect  freedom 
from  ui  escape  of  efflnviA  is  aimed  at,  the  superior  cIoBolfl  of  Tylor 
and  Son,  of  Newgate  Street;  Underhay,  of  Farringdon  Street, 
London;  Jennings,  of  Lambeth;  and  some  others  are  to  be  preferred. 

Figs.  9  and  10  show  one  of  Tylor's  water-cloBot«  called    "  The 


Patent  Valve   Closet. 

This  closet  is  trapped 
in  two  places  above 
the  floor  line  without 
ajiy  reduction  in  the  S 
Biee  of  the  basin  —  a  ■■ 
point  in  which  many  ^ 
closets  are  deficient —  £ 
or  any  iacreaeo  in  the 
height  of  the  seat.  The 
syphon  forming  the 
lower  trap  nmy  be 
readily  opened  for  in- 
spection by  means  of  the 
"  cleaning  cap."  The 
overflow  pipe  from  the 
basin  is  also  trapped, 
(see  A,  Fig.  lU),  and 
the  entry  of  the  con- 
tents of  the  basin  into 
this  trap  is  prevented 
by  it«  being  covered  by 
the  dischai^  \-alvc  of 
the  basin,  when  open. 
It  will  be  observed 
that  the  outer  elbow 
of  the  soil  pipe  is 
ventilated  by  means  of 
m  pipe,  an  arrangement 
which  might  be  im- 
proved by  the  venti- 
lation of  the  space  between  the  water  li 
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1  the  syphon  and  the 


The  trapping  of  the  basin  ia  effected,  aa  in  the  case  of  Beveral 
closets  made  by  Tylor  &  Son,  by  the  provision  of  an  India-rubber 
Beating',  which  shnte  agaiiiat  the  valve,  wliile  t)ie  over.flow  pipe 
from  the  basin  is  formed  into  a  syphon.  A  want  of  ventilation 
beneath  tbe  closet  pan  is  here  experienced,  and  should  be  supplied. 
Underhaj's  Patent  Regnlator — an  apparatus  designed  for  insuring 
the  discharge  of  a  certain  quantity  of  water  into  the  pan,  indepen- 
dently of  the  naer  of  the  closet,  who  may  di-op  the  handle  and  still 
not  prevent  the  inflow  of  water.^is  shown  in  connection  with  this 
closet.  This  regulator  is  more  particularly  explained  hereafter,  and 
is  shown  by  Fi^.  18. 

Fig.  12  showH  a  closet  atanniaoturod  by  Messrs.  Fetere  and 
Donald,  of  Glasgow  in  which  the  ventilation  of  the  space  between 
the  two  traps — to  which  I  have  referred  in  connection  with  both 
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of  this  closet  is  compoHed  of  a  bmRB  disc  which  is  cloBed  against  an 
india-mbber  ring  by  means  of  a  projecting  arm  cast  on  the  spindle 
C.  This  spindle  is  passed  through  an  oblong  hole  in  the  tail  of 
the  disc  so  that  the  latter  is  not  fixed  bat  liinged  on  the  spindle. 
By  this  arrangement,  the  patentees  state,  the  disc  is  closed  perfectly 
tight  against  any  slightly  nneren  surface  which  at  times  may 
present  itself.  This  closet  is  shown  in  connection  with  the  "  Valveless 
Waate  Preventer,"  of  Measi-s.  Peters  and  Donald,  who  describe  the 
working  parts  of  this  contrivance  as  consisting  of  a  stationary  copper 
tube  P,  standing  in  the  cistern  above  the  water  level.  In  the  centre 
of  this  is  a  copper  tapered  tube  C  connected  k>  the  down  pipe. 
Over  the  statiooary  tube  F  is  suspended  a  copper  tnbe  of  larger 
diameter,  bat  of  the  same  length,  having  a  closed  end  D,  which  is 
attached  to  the  cistern  lever.  A  small  aii'  hole  is  pierced  near  the  top 
of  tabe  D,  which  allows  the  water  to  stand  in  the  space  between  the 
tabes  D  and  F  at  the  same  level  as  that  attained  in  the  cistern. 
When  the  cistern  lever  iw  palled  down,  the  larger  copper  tube  D  is 
d«iwnnpoverthe  inner  tube  F.  This  action  forms  a  partial  vacnam 
in  the  down  pipe  or  tapered  tabe  C,  and  space  K ;  the  water  mshing  in 
to  fill  np  the  vacuum  thns  formed  starts  the  syphon,  the  longer  arm 
of  which  consists  of  the  down  pipe  and  tapered  tnbe  C,  the  shorter 
arm  being  the  space  between  the  inner  tnbe  F  and  outer  cap  D. 
When  once  the  Bj^jhon  is  set  in  action,  it  will  continue  mnning 
until  the  whole  contents  of  the  cistern  have  been  discharged,  pro- 
vided the  cap  D  be  held  up.  but  the  action  will  stiip  immediately 
the  cap  is  allowed  to  fall.  The  water  that  has  passed  into  the  space 
E  between  the  tubes  C  and  F  while  the  syphon  was  in  action,  is 
allowed  to  pass  through  a  small  hole  in  the  tapered  tube  C  into  the 
down  pipe.  This  water  serves  io  seal  the  closet  after  the  handle 
has  been  put  down,  Tlie  size  of  the  compartment  in  which  these 
tubes  are  placed,  limits  the  quantity  of  water  that  can  be  used  each 
time  the  closet  handle  is  pulled.  It  in  filled  fixim  chamber  B  by 
means  of  a  small  hole  in  the  division  plate. 

The  valve  closet  of  Jennings,  of  Lambeth,  has  much  to  recom- 
mend it  for  its  simplicity  of  constrnction  and  compactness, 
the  closet  and  syphon  trap  being  made  of  one  piece  of  earthen- 
ware. This  closet  is  shown,  though  somewhat  imperfectly,  by  Fig. 
13.  Mr.  Jennings  is  now  fitting  this  closet  with  a  regnlating 
supply  valve,  whereby  the  supply  to  the  basin  mayjbe  increased 
or  lessened  at  will.  The  socket  or  branch  marked  P  in  the  figure 
is  provided  for  the  reception  of   a  ventilating  pipe.      It  is  not, 
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howeTer,  quite  in  the  right  place,  and  shonld  bo  altered  as  suggested 
iaFig.9. 

Fig.  13. 


Jennings'  closet  requires  further  impi'ovement  at  the  hands  of  its 
clever  inventor  in  order  to  make  it  complete.  It  ehoidd  be  provided 
with  a  trapped  ovei'flow  from  the  pan  instead  of  using  the  hollow 
ping  for  the  purpose,  which  will  allow  effluvia  generated  in  the 
trap  to  pass  through  the  ping  into  the  cloBet. 

1  am  guilty  of  no  exaggeration  when  I  say  that  there  must  have 
been  at  least  a  hundred  kinds  of  water-closets  which  have  been 
patented.  An  esamination  of  their  several  characteriatics,  in  addition 
to  those  of  the  closets  I  have  specially  figured,  will  repay  those  who 
are  interest«i  in  the  very  important  subject  of  internal  water.cloBet 
arrangements.  In  addition  to  the  closets  of  the  makers  whose  names 
have  been  already  mentioned,  1  would  particuhirize  those  of  Meeara. 
J.  G.  Stidder  and  Co.,  of  Southwark  ;  Messrs,  Boldiug  and  Sons,  of 
South  Monlton  St, ;  Mr.  James  Woodward,  of  Swadlincote ;  andMessrs. 
Forrest  and  Son,  of  Liverpool ;  as  deserving  of  special  attention. 

Many  are  the  supplemental  appliances,  too,  that  have  been  devised 
to  make  water-closets  more  perfect  in  their  nse, — some  securing  the 
flnahing  of  the  haein  by  the  nse  of  a  certain  quaotity  of  water  each 
time  the  closet  handle  is  pulled  up,  white  others  are  designed  not 
only  to  gain  this  desideratum  but  to  pi-event  the  use  of  more  than 
a  predetermined  quantity  of  water  for  the  purpose— an  object  of 
some  importance  where  the  supply  is  conalaiit,  and  where,  there- 
fore, liability  to  waste  and  abuse  must  be  Avoided. 

In  adopting  any  of  these  appliances,  however,  care  should  be 
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exercised  tbat  none  bat  tliose  based  upon  sonnd  conatmctiTe  prin- 
ciples, and  posaessing  the  (greatest  freedom  from  wear  aud  tear  ara 
adopted,  as  otherwise  their  nee  will  lead  to  ranch  derangement  and 
annoyance.  The  great  object  to  be  secured  in  the  delivery  of  water 
to  the  closet  is  that  it  shall  completely  wash  and  flnsh  out  the  baein 
and  ti-aps.  To  do  tliis  it  alionld  be  borne  In  mind  that  the  result 
will  depend — not  upon  the  length  of  time  the  water  is  allowed  to  run 
throngh  the  closet — but  upon  the  foi-ce  and  volume  with  which  it  is 
discharged. 

Fitis.  14  and  15  show  the  "  Waste-not  "  cistern  valve  of  Messrs. 
Tyjor. 


F1.J.  14. 


Fiff.  15. 


This  valve  is  fised  in  the  cistern  supplying  the  water  to  the 
closet ;  and  the  advantage  of  its  use  consists  of  the  fact  that  it  will 
automatically  close,  after  allowing  the  intended  quantity  of  water  to 
pass,  in  whatevei'  position  the  closet  handle  which  opens  it  may  be  left, 
thus  preventing  the  mnniog  of  an  excesaive  quantity  down  the  closet. 
An  air-pipo,  as  in  ordinary  closet  valves,  should  be  fixed  to  the  down 
pipe  and  carried  up  outside  the  cistern. 

The  piston  regulating  valve  C  is  6tted  with  a  washer  valve,  and 
moves  loosely  np  niiil  down  in  a  fised  cylinder  Y.  G  is  an  adjustable 
socket  or  piatoo.  When  the  ball  lever  of  the  closet  apparatus,  which 
is  attached  to  tlie  spindle  A,  is  pulled  up  it  raises  the  adjustable 
socket  or  piston  E,  which  takes  up  with  it  the  piston  regulating 
valve  C,  aud  opens  the  passage  for  the  water  through  the  valve. 
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doBeribed.  C  is  a  plunger  fitted  witb  a  waalier  valve  H  at  the 
bottom,  and  moving  up  and  down  in  a  metal  or  elastic  socket 
E  E,  which  forms  a  carrier,  and  which  is  fized  to  the  Bpindle 
connected  with  the  lifting  lever  F.  This  valve  is  made,  if  pre- 
ferred, with  a  flat  elastic  washer  or  diaphragm  (Instead  of  B  E). 
K  K  is  a  ring  valve  for  the  parpoee  of  controlling  the  descent  of 
the  metal  or  elastic  socket  E  E.  L  is  a  passage  way  by  whioh 
the  water  flows  from  cuder  to  above  the  ring  valve  K  E,  and 
is  partially  opened  or  sbat  by  turning  the  tap  A.  When  the  handle 
of  the  closet  is  palled  np  the  lever  F  raises  the  metal  or  elastic 
socket,  E  E,  which  lifts  by  suction  the  ring  valve  K  K,  and  tbe 
plnnger  C,  and  tbns  opens  the  passage  for  water  through  the  valve. 
When  the  oloset  handle  is  dropped,  the  lever  F  commenoes  to  fall, 
tbe  speed  of  its  descent  being  regulated  by  the  quantity  of  water 
which  is  allowed  to  pass  through  the  passage  way  L.  If  the 
closet  lever  F  is  held  np,  the  metal  or  elastic  socket,  E  E,  and  ring 
valve  K  K,  will  be  kept  up  too,  bat  the  plunger  C  will  be  taken 
down  on  to  Its  seat  D,  partly  by  its  gravity,  but  principally  by  the 
pressure  of  the  water.  The  adhesion  or  attraction  should  cease, 
and  the  plunger  G  should  begin  to  fall,  when  tbe  pressure  is  made 
equal  inside  and  outside  the  socket. 


I  have  been  induced,  by  the  clearness  of  the  drawing  (Fig.  16) 
to  give  a  detailed  desoription  of  this  conti'ivance. 


MefisTB.  Tylor  manufacture  another  "  Waetc-not "  valve,  for  u 
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outside  the  cistern.  This  valve 
is  similar  in  principle  to  tbe 
foregoing,  but  is  made  in  the 
form  of  a  tap  which  takes  the 
place  of  the  closet  handle  as 
shown  in  Fig.  17.  The 
can  be  turned,  and  if  tbe  water 
bo  left  running  it  will  close 
automatically  after  the  in- 
funded  quantity  has  passed, 
which  is  usually  about  two 
gallons.  lu  certain  cases, 
where  a  "  hopper  "  closet  ifl  used 
for  instance,  this  arrai 
may  be  recommended. 


Fiy.  17. 
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The  patent  Begnlator  of  Underhaj,  referred  to  in  connectioii  witli 
Fig.  11,  ie  shown  npon  an  enlarged  scale  by  Fig.  18.     (See  ako 


P.V,. 
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The  object  of  this  inveetion  is  to  allow  thepaa-  Fiij.  18. 

sage  of  a  certain  qoantity  of  water  throngli  tlm 
panof  the  closeteach  time  the  handle  ie  raised.  For 
this  pnrpose  a  vessel — by  preference  a  cylin. 
drical  veBsel — is  adopted,  which  ia  closed  at  the 
bottom  and  provided  with  an  air  inlet  near  the 
top.  Within  thi«  is  a  second  cylinder,  which  m 
open  at  the  top  to  a  small  extent  only,  bat  entii'oly 
open  at  the  bottom.  The  inner  vesael  is  oi  suuli 
dimensions  ae  will  allow  of  it«  working  u|i  n^i 
down  readily  within  the  outer  one.  Around  w:  ■  ( 
near  the  lower  part  of  the  inner  vessel  is  a  (■ii|.  ■ 
leather,  or  other  suitable  flexible  ma  terial.  r 
lower  edge  of  which  descends  into  sume  I'  I 
eating  flnid  at  the  bottom  of  the  outer  vi  - 
each  time  the  inner  vessel  is  caused  to  desn 
By  this  means  the  interior  of  the  outer  ve^M  . 
lubricated  each  time  the  inner  vessel  is  nii 
At  the  npperpartnf  the  inner  vessel  an  air-ci>i', 
with  ft  regulating  screw  <}  is  provided,  the  biir 
being  adjusted  according  to  the  time  whii;li  h 
may  be  desired  the  inner  vessel  should  taki  i 
descending.  The  outer  veesel  is  fixed  in  nny 
oonvenient  position,  and  the  inner  vessel  is  con- 
nected to  the  closet  handle.  When  the  latter  is 
raised  the  inner  vessel  above  mentioned  is  slso 
raised,  which  can  readily  he  done  by  reason  (if 
the  ctipped  leather  oi-  other  flexible  niatei-iii) 
giving  way  and  acting  ae  a  valve.  A  coi-tain 
quantity  of  air  will  be  admitted  by  this  proces.'! 
to  the  bottom  of  the  inner  cylinder.  When  the 
closet  handle  is  left  to  fall  back,  the  pressure  of 
the  air  will  keep  the  outer  edge  of  the  leather 
against  the  interior  surface  of  the  outer  vessel. 
and  the  inner  cylinder  will  only  descend  as  the  air  esunpi's  liy  the  air 
T&lve  mentioned.  In  this  way  the  lever  of  the  cloKft  is  kept 
open  for  the  discharge  of  water  until  the  inner  cylinder  fau 
descended  to  the  bottom.  This  occurs  each  time  the  closet  lutndle 
is  nised. 
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Fig.  19  shows  another  oontriTance  of  Underhay,  which  he  caHs  the 
"W&ter  Waste  Prerenter."   This  F/^.  19. 

instramentiBaffixed  to  the  supply 
pipe  of  the  closet,  and  in  principle 
is  somewhat  similar  to  the  regu- 
lator. Like  that  contrivance  it 
consists  of  one  cylinder  within 
another,  and  as  the  water  runs 
from  the  cistern  or  supply  pipe 
to  the  pan  of  the  closet  (from  A 
to  B)  a  certain  regulated  propor- 
tion escapes  through  tiie  small 
apertore  shown  on  the  figure  into 
the  space  between  the  outer  and 
inner  cylinders.  Within  a  deter, 
mined  period  this  influx  of  water 
floats  and  gradually  raises  the 
inner  cylinder,  which,  being  con- 
nected with  a  lever  for  the  pnr- 
poBB,  closes  a  valve  in  the  water  , 
supply  pipe  A,  and  prevents  the  entry  of  any  further  water  until 
the  preventer  has  had  time  to  empty  itself  of  its  contents  by  the 
small  outlet  at  the  bottom. 

The  relative   positions  of  both   the   "Regnlator''  and  "Water 
Preventer  "  ore  shown  by  Fir/.  20.      By  the  combined  use  of  these 


shown  on  Fig.  22.  This  water,  entering  the  main  cylinder  suddenly, 
taises  the  piston  B  and  the  outlet  valve  to  the  doset  (F).  The 
5  fits  loosely,  and  is  so  weighted  that  while  it  will  rise  with 
the  sodden  rushing  of  tbe  water  up  to  it,  it  will  afterwards  gradually 
sink  and  foroo  the  water  out  past  ite  circumfereuce,  and  with  its  fall 
it  will  close  the  inlet  valve  to  the  cloaet.  The  time  taken  for  tbe 
descent  of  the  piston  E  will  determine  the  quantity  of  water  which 
can  pasB  each  time  the  closet  handle  is  raised.  When  the  closet  handle 
is  released  the  piaton  in  the  lateral  cylinder  will  fall  and  the  water 
Tmdef  it  will  be  forcibly  and  suddenly  pressed  into  the  main  cylinder, 
again  raising  the  piston  E,  and  the  valve  F,  and  thus  the  outlet  to  tbe 
closet  is  opeued  a  second  time,  the  piston  afterwards  slowly  deecend- 
icg  as  before,  and  this  second  discharge  forms  the  trapping  supply 
of  the  closet.  This  contrivance  haa  therefore  two  distinct  uotions 
each  time  the  closet  is  used — the  first  flashes  the  closet  and  the 
second  gives  the  trapping  water  to  the  pan,  and  however  long  the 
handle  may  be  held  up,  this  latter  water  is  reserved  until  it  is 
released.  The  holes  at  the  top  of  the  main  cylinder  limit  the  use 
of  the  piston  by  allowing  of  the  escape  of  any  ezoeas  of  water  forced 
under  it. 
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to  be  drawn  off  hvm  the  cistern  the  inlet  vatve  must  be  closed 
before  the  diaoharge  valve  can  be  opened. 

The  cisterns  shown  by  the  three  preceding  figures  are  more  appli- 
cable to  Hopper  otosets  than  to  valve  closets,  owing  to  the  want  of 
any  provision  to  secnre  the  delivery  of  the  requisite  quantity  of 
water  far  trapping  the  basin,  in'espoctiye  of  the  nser  of  the  closet, 
when  the  closet  handle  is  released.     This  shonld  be  supplied. 

The  "Water  Waste  Preventer."  manufactured  by  the  well-known 
firm  of  Gneet  and  Chrimes,  of  Rothorham,  with  whom  Meesra.  Beggs, 
of  Sonthwark,  are  connected,  's  shown  in  Fig.  28.      It  haa  two 
chambers,  the  smaller  one  containing  the  inlet  valve  and    Fi^.  28. 
ball  connected  with  the  supply  pipe,  and  the  larger  one 
containing  the  water  required   for  flushing  the  closet. 
The  chambers  are  fitted  with  valves,  which  ore  connected  | 
with  a  lever  at  the  top  of  the  cist«m,  and  which  t 
adjusted  that  before  the  bottom  valve  can  be  moved  from    ' 
ita  seat  the  valve  in  the  ball-cock  chamber  most  be  com- 
pletely closed.  Thispreventorisapplicablefohoppercloseta. 

For  valve  closete  Messrs  Guest  and  Chrimes  manufaotnro  the 
"  Waste  Preventer  "  shown  by  Fig.  29.  Fig.  29. 

Thifl  contrivance  is  conetracted  on  the  same  principle 
Bfi  that  just  described  {Fig.  28),  but  with  the  addition  of  I 
a  trapping  box  which,  after  the  water  for  dashing  the! 
closet  haa  passed,  allows  a  sufficient  quantity  of  wat«r  to  j 
flow  down  into  the  basin  and  fill  it  to  the  necesBaiy  height.  [ 

Messrs.  Ouest  and  Chrim^a  have  also  contrived  a  I 
"  Single  Valve  Waste  Preventer,"  which  haa  been  ' 
adopted  to  a  considerable  extent. 

The  "  Absolute  Water  Waste  Preventer  "  of  Mr. 
Chandler,  Mile  End  Road,  London,  with  his  patent 
"Trapping  Box,"    form  together  ft  very  ingenious  arrangement, 

The  cistern  forming  this  waste  preventer  is  without  any  of  the 
divisional  chambers  shown  in  some  of  the  foregoing  contrivances. 
Ita  speciality  consists  in  the  provision  of  a  double  inlet  valve,  one 
being  worked  by  a  float  which  will  rise  and  fall  with  the  water, 
and  the  other  by  the  handle  of  the  closet.  The  latter  valve — 
that  worked  from  the  closet — is  placed  nearest  to  the  supply  cistern, 
and  when  the  handle  of  the  closet  is  palled  up,  the  inSux  of  water 
to  the  waato  preventer  is  stopped.  This  valve  is  connected  with 
the  outlet  valve  which  gives  the  water  supply  to  the  closet.  When 
the  closet  handle  is  pulled  up  the  inlet  valve  ie  closed  and  the 
outlet  opened.    As  the  water  paasea  to  the  closet  the  float  valve  will 
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open  grodnallj  aa  the  -water  sinks,  and  admit  freeli  w&ter  to  the 
viBete  preTenter  directly  the  other  valve  is  released  by  the  closet 
handle  and  the  outlet  valve  is  cloned. 

One  of  Chandler's  Patent  Trapping  Don  is  Ettta«bed  to  the  bottom 
of  the  cistern ;  and  after  tht;  cloeet  handle  has  been  released,  this  box 
will  be  filled  with  water,  which  will  empty  itself  into  the  closet  to 
form  a  seal  to  the  pan  by  means  of  a  small  hole. 

Fig.  29a  ehowa  the  "  Trapping  Box  "  of  Meaars.  Tylor  and  Sons, 
oonnect^d  with  the  closet  cit<t«rn  and  the  closet  itself. 


The  trapping  bos  ia 
6  inches  in  diainettr  and 
6  inches  deep,  am!  con. 
taine  sufficient  viiter  to 
trap  the  closet  l)asiii. 
The  water  to  fill  tin; 
trapping  box  is  admitted 
(and  collected  in  itj  hn 
thBit  reqnired  to  flush 
the  cloeot  basin  passes 
down  the  pipe.  This 
portion  is  accnmnlated 
SB  in  Chandler's  contri- 
vanoe,  to  pass  through  a 
■mall  hole  into  the  closet 
pan  after  the  handle  of 
the  oloeet  is  dropped. 

In  thoB  referring  to 
these  Hcveral  contriv- 
ances, I  do  not  wish  to  be 
nnderatood  to  express  an 
anqoalified  approval  of 
them.  I  have  shown 
and  described  them  for 
the  purpose  of  convey- 
ing an  idea  of  the  prin- 
caples  npon  which  the. 
water.^b8et  fittings  no 
in  most  general  nse  a 


Fig,  29a. 
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TiXT. — Sink   Applukcbs,    and    tbe    Abranobments    fob    Di8- 

OONNEOTINO     THB     OuTLBT     PlPE3     Of     SlNKS    FROM    THB    COMMUNI. 

CATiNa  Skwer. — Having  already  emphatically  stated  that  the 
pipes  dischAt^mg  liquid  refuse  from  the  dwelling,  (geoerally 
c^ed  "elops"),  which  is  composed  of  the  discharge  from  the 
sinks  of  the  sculleiy,  the  batler's  paotrj,  honsemaid's,  and  other 
rooms,  as  well  as  the  water  from  lavatories,  baths.  Ac.  (see  Fig.  2, 
DravHng  I.),  should  not  be  directly  connected  with  the  sewers,  there  is 
little  more  to  say  than  to  describe  what  baa  been  done  in  this  way. 

In  smaller  honses  one  ontlet  from  the  sink.  Sec.,  will  probably 
suffice,  while  in  larger  eetabliahments  there  will  be  several.  In 
each  case,  the  liqmd  aa  it  is  dischai'ged  should  fall  npon  a  grating 
outside  the  dwelling,  in  order  that  those  coarser  solid  sobetanoes 
which  are  often  thrown  down  sinks,  and  which,  if  admitted  into  the 
sewer,  wonld  help  to  choke  it,  may,  as  already  stated,  be  interoepted 
and  removed. 

Several  trap-tanks  with  grated  covers  have  been  designed  for 
the  purpose  of  receiving  tbe  slops,  and  of  preventing  the  influx  of 
effluvia  from  the  sewer  into  the  dwelling. 

Fig.  30  shows  the  "  Flush-tank  "  of  Mr.  Rogers  Field,  to  wbioh 
reference  has  already  been  made. 

Fig.'JiO. 
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The  app&ratos  conBiats  of  a  cylindrical  water-tight  iron  or  Etone- 
-nuTB  tank  A,  This  tank  has  e.  trapped  inlet  B  (wliicb  also 
forms  a  moveable  cover  to  give  bcccbh  to  the  interior  of  the  tank),  and 
a  socket  C  for  a  veDtilating'  pipe.  Tbe  outlet  cocsiste  of  a  eyphon 
D,  so  arranged  that  no  discharge  takes  place  till  the  tank  ia  com- 
pletely filled  with  liquid,  when  the  ayphon  is  bronght  into  aetioa 
and  the  coDt«nts  are  immediately  discharged.  The  inner  end  of  the 
syphon  is  protected  by  a  strainer  K,  to  bold  back  grease  &o.,  and 
the  onter  end  enters  a  discharging  trough  F,  which  is  made  to 
torn  round  bo  that  its  mouth  may  bo  directed  as  required  to  connect 
the  tank  with  the  line  of  outlet  pipea  (G).  This  trough  has  a 
cover  which  can  be  removed  to  give  access  for  cleaning.  In  thia 
contrivance  the  liquid  refuse  from  the  house  sinks  is  dischai^ed 
on  to  the  grating, 

Mr.  Mansergh's  trap,  made  by  Meaars.  Doulton,  ia  also  a  very 
nsefnl  invention.     It  is  shown  by  Figs.  31  and  32. 


Fig.  31. 


Fig,  32 


In  this  trap,  it  will  be  observed,  two  water  seals  are  formed,  and 
that  between  them  an  open  communication  to  the  air  is  afforded  by 
means  of  a  surface  grating.  By  this  arrangement  when  the  preastire 
in  the  connecting  sewer  is  snfGcient  to  force  the  gae  throngh  the 
first  or  lower  seal,  it  will  escape  into  the  air  by  the  grating  rather 
than  through  the  second  seal  into  tlie  hoasc.  Mr.  Mansergh's  trap 
serves  also  as  a  grease  trap,  while  the  open  grating  admits  of  its 
aerving  as  a  yard  gully.  The  socket  marked  "  inlet"  is  the  one  to 
which  the  pipes  from  the  inaide  of  the  house  are  connected ;  that 
marked  "outlet"  is  for  connection  with  the  sewer.  The  socket 
marked  "  ventilator"  admits  of  a  ventilating  pipe  being  attached 
and  carried  to  the  top  of  the  honee. 
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bat  slKrald  tho  preBsare  be  etrong  enough  to  force  the  trap  Kt  P,  the 
sewer  gaa  will  at  once  escape  through  the  chamber  B  into  the  ventila- 
ting pipe.  The  secoad  and  stronger  trap  at  G  is  said  to  effectoallj 
exclude  all  poieonooB  gases  from  chambr  A,  which  forma  the  only 
avenoe  to  the  hooee.  The  diaphragm  G  is  bo  constructed  that  the 
sewage  from  the  honse  is  discharged  directly  into  the  trapped 
chamber  C,  beyond  the  point  of  communication  with  the  open  air. 
By  this  anangcment  the  necessaiy  ventilation  of  the  trap  is  effected, 
'  with  the  Tniniinv/m  of  oontamination  to  the  sairoundiiig  atmosphere. 
D  and  E  are  closely  covered  apertures  for  cleansing  the  trap,  which 
ia  aanally  made  with  the  latter  opening  only,  but  the  aperture  D 
can  be  added,  if  desired,  for  a  small  extra  charge.  When  the  hooso 
sewer  is  deep,  a  pipe  should  be  conducted  vertically  from  the 
opening  E  to  about  nine  inches  below  the  ground  level,  then  care- 
fully closed  with  the  disc  plate  and  covered  with  earth.  By  means 
of  a  long-handled  ladle  any  subsequent  obstmctton  in  the  trap  may 
soon  be  removed  without  trouble  or  expense. 

fVy*.  36  and  37  show  a  trap  known  aa  Bavin's  "  Dip  Trap  "  : — 


,iiC 


Fu,.  37. 


The  makers,  Idbssrs.  Stiff,  recommend  that  when  this  trap  is  used 
in  areas  and  yards  it  should  be  provided  with  a  cast-iron  giating, 
ten  inches  square  by  one  inch  thick,  which  can  be  easily  removed 
when  necessary  for  cleansing  or  inspection.  The  grating  should  be 
kept  about  an  inch  below  the  paving  level,  so  as  to  drain  off 
the  Borface  water. 

Figi.   38   and    39    will   explain    the    "  Bedhill    Trap," — olao 


In  the  Bavin  trap  there  in  no  ventilation  of  the  discharging  sen«r 
with  which  it  is  to  be  connected,  and  em  iit  that  of  Mr,  Mansergh'a 
and  the  RedhiU  trap,  the  liquid  refuse  estere  nnder  the  grating 
instead  of  above  it 

The  invention  of  Mr.  Rogeni  Field  cotnmetida  itaelf  ae  anperiot 
to  these  on  neveml  grounds :  first,  it  intercepts  the  coarser  solid 
matters  before  entering  the  tank  ;  next,  it  intercepts  the  kitchen 
grease  and  finer  solid  ma(:ters  by  an  intermittent  means  of  discharge, 
which  allows  a  sufficient  interval  of  time  to  elapse  for  the  greaej 
wat«r  to  eool  and  allow  the  fat  to  be  completely  separated  ;  and, 
%istly,  the  sudden  action  of  the  syphon  causes  the  liquid — after  the 
solid  has  been  deposited  at  the  bottom  of  the  tank— to  discharge 
itself  with  a  force  sufficient  to  cleanse  the  aewer  into  which  the 
liquid  runs.  I  can  speak  from  eiperience  at  my  own  house  of  the 
great  utility  of  Mr.  Field's  invention,  though  I  am  prepared  to  find 
that  the  apparatus  i.s  it  little  too  costly  for  smaller  dwL'liings.* 

There  are  nnmerons  kinds  of  tanks  and  gully  traps,  the  works  of 
various  makers,  which  are  in  use  in  yards  Fiii.  40. 

and  out-offiees  of  dwellings  for  the  trap.  1 
ping  oE  commanications  with  the  sewer,  and  I 
the  interception  of  detritus  and  other  solid 
matters.  Fij.  4f>  shows  one  of  a  ciasB  very 
suitable  for  jai-ds— that  of  Doutton.  The 
trapping  intended  is  dependent  upon  water 
being  kept  in  the  gully  to  the  height  of 
the  dotted  line.  The  detritus  deposite  it. 
self  at  the  bottom  of  the  gully. 


ISg.  41  shows  also  the  stable  or  yard  trap  of  Messrs.  J.  G.  Stidder 

*  ttaux  ntntlufl  iba  abuve  iblt  appantiu  luia  bc«a  nuwle  u  ■  radurad  coal. 
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and  Oo.     The   cfaambers  A   and    B   admit   of   tlie   d^:pOBit  of 

any  solid  matter — the  latter  to  coUect  that  which  may  escape  froni 
the  first  before  the  liijaid  reaches  the  commanicating  sewer  C  ;  and 
the  trappiog  is  affected  by  means  first  of  a  water  Beal  or  dip,  and 
next  by  a  valve,  F,  which  opens  and  closes  with  the  passage  of  the 

F>g  41 


water.  The  first  chamber  can  be  cleared  of  ite  contente  by  meBns 
of  the  grated  iolet  D,  and  the  second  by  the  cover  B,  which  is 
rendered  air-tight  by  a  luted  joint.  If  the  trap  is  placed  immedi- 
ately over  a  large  sewer  as  shown  G,  the  seoond  ehamber  becomes 
merely  a  means  of  communication  with  it^  as  shown  by  the  dotted 
lines,  in  which  case  cover  E  is  not  needed. 

These  and  other  tanks  and  traps  used  in  ont-offices  and  yards  are, 
however,  all  modifications — in  some  aliape  or  other — of  those  nsed 
either  in  connection  with  the  dwelling  it-aelf,  to  which  I  hare 
already  drawn  attention,  or  of  those  used  in  the  streets  and  roads 
of  towns  and  villages,  to  which  I  shall  hereafter  reTer. 

In  order  to  prevent  any  disagreoble  odonr  passing  into  the  dwell- 
ing by  the  outlet  pipes,  it  is  neeessary,  even  after  the  adoption  o£ 
snch  outside  arrangements  as  those  which  I  have  described,  to  have 
the  sink  pipes  themselves  tmpped,  for  onless  such  precautions  are 
taken  the  gases  generated  in  the  trap  or  sewer  will  be  drawn  into 
the  dweUing  by  the  greater  warmth  of  the  inside  atmosphere,  while 
the  organic  matter  which  collects  and  hangs  (o  the  inner  sides  of.tfae 
outlet  pipes  will  itself  become  a  cause  of  nuisance  as  it  putrifies.  The 
simplest  traps  are  the  best  for  .link  outlet  pipes,  and  the  more  securely 
they  are  fixed  to  the  sink,  so  that  they  cannot  be  put  out  of  order  or 
removed  by  servants  and  children,  the  more  Ukely  are  they  to 
answer  their  porpose. 


A 


Mr.  George  JenningB 
has  contrived  a,  sink 
to  answer  sevoral  pur- 
poses and  dispense  with 
the  Eballow  WQtcr.traps 
which  so  frequently 
cause  the  evil  they  are 
intended  to  prevent.- 
This  Bick  comprises  a 
bomeinaid's  sink  (see 
Fig.  49),  and  maj  be 
very  usefully  adopted  in 
the  npper  floors  of 
dwellingSiWhereit  willbo 
found  eitremely  appro- 
priate for  the  discharge 
of  bath  and  slop  waters, 
if  kept  scmpulonBly 
dean. 


LXII.^ — SciTEKOiHO  ASD  Det  Cn-F['-  I  lie  Solid  portions  of 
the  sewage  of  all  well  ordered  dwellm^'^.  tunsisting  uf  animal  and 
vegi?table  refase,  dust,  oshea,  and  the  many  other  substances  forming 
kitohea  waste,  as  well  as  the  ezcremeutitioaa  contents  of  outaide 
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closets,  require  011I7  carefnl  collectioa  and  frequent  periodical  r»- 
moval  to  render  them  free  from  nuisance. 

If  this  work  ia  performed  by  a  public  scavenger,  nnder  the 
directione  of  a.  sanitary  authority  in  a  conutry  village,  with  proper 
facilities  for  ciillection,  the  duly  may  be  thoroughly  performed,  but 
in  the  absence  of  aystematic  nrrangement,  evils  wilJ  arise  of  the 
worst  character.  The  necessity  of  well  organized  scavenging 
applies  equally  to  the  single  dwelling  aa  to  towns  and  villages, 
and  when  it  is  remembered  that  at  least  fonr-fifths  of  the  work- 
ing population  of  this  conntiy  still  use  middena,  or  privies, 
the  importance  of  good  scavenging  will  be  acknowledged  by  every 
one.  Pita  and  bins  for  the  collection  of  animal  and  vegetable 
garbage,  aa  well  aa  for  ashes  and  house  sweepings,  should  be 
covered  so  aa  to  keep  out  I'ainfall.  If  these  conditions  are  not 
observed,  the  collection  of  such  refaao  becomea  oa  bad,  and 
baa  aa  injurioua  an  influence  on  the  air  as  privy  cesspits  and  manure 
heaps,  which  it  is  now  acknowledged  on  all  bands  should  not  exist 
in  the  proximity  of  dwoHiags.     (See  Section  LXXXVII). 

With  the  condemnation  of  leaky  and  overflowing  cesspits,  dry 
oloaeta  for  the  disposal  of  eicretal  refuse  in  rural  districta  are  daily 
coming  more  and  niore  into  use  in  the  place  of  common  privies, 
while  in  the  northern  maaufacturing  towns,  where  "  middena" — 
which  have  been  declared  to  be  "  the  atandavd  of  all  that  ia  utterly 
wrong" — are  the  common  receptacles  of  the  esereta  of  their  in- 
habitants, great  efforts  are  being  made  to  introduce  in  their  place 
moveable  pails  or  boxes  with  disinfectants  or  abaorbent  linings. 

The  principle  upon  which  the  dry  system  of  excreta  removal  is 
baaed  ia  so  well  known  that  I  need  not  describe  it. 

Many  excellent  forms  of  closet  are  now  before  the  public,  fore- 
most amongst  which  stands  that  of  tho  originator  of  the  dry  system, 
the  &ev.  Mr.  Moule,  whose  invention,  having  been  patented,  baa 
passed  into  the  hands  of  a  company,  by  whose  instrumentality  it  is 
finding  its  way  into  general  use.  Dry  closets  are  particularly  suit- 
able for  the  poorer  dwellings  of  country  towns,  villages,  and  hamlets, 
where  water  is  scarce  and  whei-e  water-cloaets  would  therefore  be 
out  of  place.  But  there  is  uo  disguising  the  fact  that  the  best  dry 
closet  is  invariably  associated  with  a  vapid  smell  which  becomea 
extremely  objectionable  when  the  closet  is  not  kept  properly  cleansed. 
This  condition  is  greatly  due  to  the  difficulty  which  is  found  in  ab- 
sorbing and  deodorizing  the  whole  of  the  urine  by  any  of  the 
materiala  oaed  for  the  purpose. 


■  JCoBoow  Terrace,  Yictorin  Park,  in  wliich  tbe  dry  material  le  dis- 
tribnted  on  the  contents  of  the  pail  hy  the  action  of  the  lid,  as  in 
the  case  of  Dr.   Bond's  closet. 

The  action  of  a  eloaet-Ud  aB  a  menus  of  §]jreading  ashes  or  dry 
earth  npon  excretal  matter  deposited  under  tho  seat  commends 
itself  to  a  mechanic,  becaaso  the  lid  is  easily  capable  of  being  con- 
nected with  a  rod  running  under  the  floor  of  the  closet  which  could 
be  made  to  throw  out  a  bolt  and  so  fasten  the  door  of  the  closet  when 
the  lid  is  lifted  ap,  By  the  same  connection  the  closing  of  the  lid 
may  be  made  to  withdraw  the  bolt  aud  so  allow  the  door  to  be  opened, 
without  which  the  person  who  has  used  tho  closet  could  not  leave  it. 
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made  on  behalf  of  the  Sewage  Committee  of  the  British  Association 
found  that  when  ordinary  field  soil  was  used  as  the  dry  material 
the  increase  in  the  percentage  of  nitrogen  was  only  '015  each  time 
the  soil  was  used,  and  that  even  after  being  used  twice  it  was  not 
richer  than  'good  garden  monld. 

The  advance  of  the  dry  system  into  pnblic  favour  is  therefore,  on  the 
whole,  dne  rather  to  the  difficulty  of  providing  water  than  to  the  value 
of  the  product.  A»well  arranged  water-closet,  with  plenty  of  water 
at  command,  is  always  preferable  to  any  earth  closet  that  could  be 
devised,  so  fieir  as  cleanliness  and  odour  are  concerned,  though  where 
circumstances  prevent  the  supply  of  the  requisite  quantity  of  water 
earth  closets  have  the  advantage. 

liXlll. — The  Ventilation  op  the  Dwelling.  I  think  I  have  said 
enough  in  previous  Sections  (see  Sections  VIII.,  IX.,  XIV.,  and  XV.) 
to  show  that  as  the  air  incumbent  upon  a  free  and  aerated  soil  is 
invariably  pare  and  wholesome,  it  is  the  duty  of  the  Engineer  to 
secure,  by  effective  under-drainage,  such  a  condition  of  the  land  upon 
which  the  dwelling  stands  as  will  ensure  these  advantages,  assuming 
that,  in  cases  where  wetness  or  dampness  exists,  the  nature  of  the 
subsoil  will  admit  of  the  change. 

The  Engineer's  duty  may  perhaps  be  considered  to  end  outside 
the  dwelling,  by  the  provision  of  external  air  answering  to  the 
attainable  standard  of  20" 96  per  cent,  of  oxygen,  and  '04  per 
cent,  of  carbonic  acid,  leaving  it  to  the  architect  in  designing  the 
rooms  and  passages  within  the  dwelling  to  secure  an  internal  condi- 
tion of  atmosphere  in  which  the  amount  of  carbonic  acid  shall  not 
rise  above  "06  per  cent. 

It  can  hardly  be  the  province  of  the  Engineer  to  lay  down  any 
regulations  for  the  guidance  of  the  architect  in  the  attainment  of 
this  object,  though  many  of  our  most  costly  private  and  public 
buildings — notably  the  most  recent  erections  in  Whitehall — illustrate 
in  a  very  conclusive  manner  how  prejudicial  to  their  occupation  is 
the  disregard  of  such  considerations.  As  a  general  rule  it  may  be 
stated  that  dwellings  built  on  a  dry  soil,  which  maintain  in  their 
several  apartments  the  full  amount  of  air  required  for  animal  respi- 
ration and  the  combustion  of  fuel  used  in  each  apartment,  and  which 
is  generally  gained  by  properly  devised  doors,  windows,  and  fire- 
places, will  maintain  this  standard  without  any  special  efforts  at 
ventilation. 

With  these  ordinary  provisions  the  maintenance  of  pure  air  within 
the  dwelling  may  generally  be  left  to  the  natural  laws  governing  the 
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diffnaion  of  gaaee,  tlie  action  of  the  wind,  and  the  differences  of 
temperature ;  thongh,  to  avoid  dranghts,  it  is  often  neceseaiy  to 
raise  by  artificial  means  the  temperature  of  the  in-coming  air  by 
admitting  it  through  passages,  or  over  Burfacoa  which  are  beat«d, 
rather  than  directly  from  the  open  air.  Richardson,  who  is  an 
accepted  authority  on  the  subject,  eaya  :  "  In  tho  ventilation  and 
warming  of  a  private  dwelling,  I  would  begin  lirat  with  the  staircase. 
This  we  onght  to  consider  the  principal  artery  of  the  house  ;  and,  if 
this  were  well  warmed  by  a  current  of  warm  fresh  air  flowing  into 
it,  and  a  constant  change  effected  by  a  ventilating  ontlet,  warmed, 
BO  aa  to  ensare  its  effective  operation,  great  part  of  the  bosineaa 
■would  be  effected,  as  the  staii^case  wonld  supply  all  rooma  not  In 
use  with  warm  air  in  a  snfficient  degree,  and  wonld  gradually  veuti' 
late  the  whole  building,  rendering  it  anoecessary  to  have  farther 
Tentilation,  except  in  the  principal  living  and  sleeping  rooms  of  the 

The  following  observations*  on  the  heating  of  air  and  wat«r  will  ba 
found  useful  when  devising  arrangements  for  the  warming  of  paa- 
eages  and  staircaaes  by  pipes. 

"  In  order  to  raise  one  pound  of  water  from  32°  to  212°,  the  same 
quantity  of  heat  is  required  as  will  raise  four  pounds  of  atmospheric  air 
the  same  number  of  degrees."  "  So  also,  a  pound  of  water  in  losing 
ODO  degree  wonld  raise  four  pounds  oE  air  one  degree. 

"  On  comparing  equal  volnmes  the  result  is  more  striking ;  water 
is  770  times  heavier  than  air,  and  a  cubic  foot  of  water  in  losing  one 
degree  of  temperature  would  raise  770  x  4  =  3080  cubic  feet  of  air 
one  degree. 

"  If  we  not«  the  time  required  to  raise  water  from  the  freezing  to 
lie  boiling  point,  or  from  32°  to  212°,  through  aa  interval  of  180°, 
ftnd  then  note  the  time  required  to  boil  away  the  whole  of  the  water, 
it  will  be  found  to  be  5^  times  that  of  the  former ;  that  is,  if  Jt 
require  five  minutes  to  raise  the  thermometer  180°,  or  from  freezing 
to  boiling,  it  will  require  27^  minutes  to  boil  away  the  whole  of  the 
water  without  any  rise  of  temperature.  It  is  obvious  therefore  that 
during  this  time  the  water  in  passing  into  steam  must  have  absorbed 
180°  X  5^  =  990°,  which  is  tho  latent  heat  of  steam. 

"  One  gallon  of  water  converted  into  steam  contains  sufficient  heat 
to  raise  5^  gallons  from  32°  to  212°.  Hence,  steam  made  to  circu- 
late in  pipes  through  a  building  is  an  efficient  and  economical  source 
of  heat,  one  square  foot  of  radiating  surface  in  a  steam  pipe  being,  in 


■  Wam^  and  rnfilatwn,  b7  0.  Tacliuiaii.    WuJm'  B«rlM. 
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geoet^,  snffloient  for  warming  SOO  cnbio  feet  of  space.     No  other 

vapour  contains  nearly  so  niacli  lateat  beat  as  steam,  A  cabio  inoh 
of  water  at  212'^  becomes  very  nearly  a  cubic  foot  of  steam  at  tha 
iame  temperatare,  erpanding  as  it  doea  into  1696  times  its  volnme." 

The  various  contrivancea  wbicb  we  see  advertised  for  securing 
ventilalion  are  only  naefnl  when  n  Bufficient  provision  of  air  space, 
and  a  proper  provision  of  iolets  and  outlets  in  the  shape  of  doors, 
wiudowB,  fire-places,  flues  and  shafts,  are  wanting.  Every  day's 
experience,  indeed,  clearly  proves  that  refinements  of  ventilation  are 
quite  ont  of  place  in  well-planned  private  houses,  and  need  only  be 
resorted  to  wbere  largu  uumbora  of  porsons  congi'egate  in  special 
apartmenta  or  buildings,  or  where  the  arrangements  of  a  dwelling 
are  defective,  or  where  accident  has  defeated  a  good  design.  Every 
apartment  from  oellar  to  attic  in  a  private  dnelliDg  should  command 
the  necessary  circulation  of  air  without  the  existence  of  drangbte, 
which  are  equally  resisted  by  the  poor  in  the  collage  and  the  wealthy 
in  the  mansiou.  The  mral  labourer  will  atop  up  with  a  whisp  ot 
bay  the  best  patent  ventilator  hia  landlord  may  introduce,  if  by 
atmospheric  attraction  cold  air  rcsheB  io  to  take  the  place  of  warm, 
and  it  makes  him  feel  cold  ;  while  the  wealthy  nobleman  will  aimply 
vacate  one  apartment  for  another  if  he  is  made  uncomfortable  from 
the  same  cause. 

Without  trenching  on  the  province  of  the  architect,  it  may  bo 
useful  here  to  give,  in  addition  to  what  I  have  already  said  (see 
Section  III.  under  the  head  of  Air),  some  further  information  as  to 
the  space  required  for  the  maintenance  of  health  within  the  dwelling. 
Some  of  the  fignrea  about  to  be  quoted  will  not,  however,  accord 
with  those  already  given,  nor  with  each  other,  the  only  positive 
inference  to  be  drawn  from  them  being  that  in  every  living  room 
there  should  be  a  constant  but  imperceptible  change  of  fresh  for 
nsed  air,  in  quantity  proportionate  to  the  number,  age,  and  occupa- 
tion of  the  inmates.  The  Engineer  ont«ide,  and  the  Architect  inside, 
ebonld  make  the  requisite  arrangements  for  securing  this  circnlatiou 
in  ordinary  dwellings,  while  in  the  case  of  special  bnildinga  in  which 
an  extra  number  of  people  congregate,  the  ventilation  should  be 
placed  in  the  hands  of  an  expert  who  has  devoted  his  attention  to 
ventilation  nude r  every  condition. 

The  nnmber  of  respirations  which  men  on  an  average  take  in  a 
minute  is  stated  to  be  20,  and  the  volume  of  air  inhaled  each  inspi- 
ration is  equal  to  40  cubic  inches,  giving  800  cubic  inches  as  the 
Tolnme  per  minute  which  is  expired  from  the  lungs  after  nse, 
(Tredgoii).     This  volume  is  calculated  by  the  same  authority  to 
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render  unfit  for  being  breathed  a  mncb  larger  quantity  of  suironnd- 
ing  air.  The  atmoaphere  <>f  a  Uijhted  room  containing  several 
persons  is  directly  and  indirectly  vitiated  to  snch  an  extent  as  to 
reqnire  a  eiipply  of  fresh  air  equal  to  fonr  cubic  feet  per  minnte  for 
each  indlTidual  in  the  room.  This  qnantity  appears  by  the  light  of 
the  researches  of  Dr.  Parkes,  Dr.  Do  Chaumont,  and  Dr.  Angus 
Smith,  to  be  altogether  inadequate. 

The  cnbical  space  considered  by  certain  recognised  authoritieB  to  be 
necessary  to  aSord  dilution,  and  bo  correct  the  air-vitiation  of  pobllo 
buildings,  varies  in  a  manner  impossible  to  reconcile.     For  instance, 
the  cnbical  space  considered  to  be  a  right  provisioa  in  the  case  of 
schools  erected  by  the  London  School  Board  is  130  cubic  feet  per 
scholar ;  that  for  dormitories  under  the  Metropolitan  Lodging  HouaoB.  j 
Aot  is  240  cubic  feet  per  head,  while  that  allowed  by  the  Poor  Lan^ 
Board  is  300  cubic  feet  per  bead  for  healthy  persons  in  dormitoriea 
and  in  English  barracks  the  space  considered  to  be  right  i 
cubic  feet,  per  man,  in  wooden  buts,  and  COO  cubic  feet  in  mor 
stantial  structures.     Eight  hundred  cubic  feet  per  head  seems  to  b 
however,  the  usual  space  required  in  middle-class  houses  ;  \ 
hospitals  where,  for  obvious  reasons,  an  increased  space  should  bv9 
given,   the  allowance  varies   from   1,000  to  1,500  cubic  feet  po?fl 
person.     In  the  building  of  labourers'  cottages  on  all  well- managed,  J 
CBtaf«a    in    this    country,    the  recognised    cubical  space    of  livingj 
rooms  is  1,200  feet,  of  parents'  bedrooms  900,  and  of  children's  bed*  J 
rooms  675  cubic  feet. 

Perhaps  the  moat  useful  rules  that  can  be  recorded  as  to  th«J 
quantity  of  external  pure  air  which  should  pass  per  boar,  per  heac^l 
through  a  room,  in  order  to  keep  down  the  carbonic  acid  to  thoj 
accepted  ratio  already  gi^en,  are  those  which  ai^  furnished  by  tbo  J 
lato  Dr.  Parkes  in  his  Practical  Hygiene,  in  a  table,  from  which  tlie  | 
following  figures  are  taken  : — 


providMI  par  pareoo. 

^cSme  ;;id. 

reiplnHJon)  dun 

first  honr 

Cable  Fwt 

CubioFee 

100 

2,900 

200 

2,800 

300 

2,700 

400 

2,600 

500 

2,500 
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How  is  this  miitnre  of  fresh  air  with  tho  ritiatetl  air  to  be  accom- 
plished P  Carbonic  acid  gas  ia  heavier  than  atmospheric  air,  and 
expired  air  is  rather  lighter  than  tho  air  of  a  room  under  ordinary 
oodditiona.  This  ia  dne  to  the  existenco  of  nitrogen  and  vaponr 
both  of  less  specific  gravity  than  air,  and  the  higher  temperature  of 
the  breath  and  the  emanations  of  living  bodies.  These  conditions 
give  to  vitiated  air  the  baoyaney  which  takes  it  to  the  npper  part 
or  ceiling  of  a  room,  and  point  to  the  latter  as  tho  proper  place  for 
the  ontlet.  The  outer  and  cooler  air,  whether  admitted  from  the 
open  space  snrronnding  the  dwelling,  or  from  posBages  existing  in  it, 
sbonld  come  in  from  a  level  as  )ow  as  circumstances  will  admit 
without  causing  a  draught,  and  to  aasist  in  the  circulation  and  dila- 
tion of  air,  when  doora,  windows,  and  fire-places  fail  in  that  duty,  it 
wonld  appear  desii'able  to  build  in  union  with  eoch  stack  of 
chimneys  an  air  shaft  (empty  chimney)  to  Kerve  the  single  purpose 
of  ventilation.  In  thia  shail  valves  may  be  inserted  to  rid  each 
chamber  on  the  different  floors  of  the  heated  and  vitiated  air.  The 
warmth  of  the  air  maintained  in  the  shaft  will  assist  the  ventilation 
without  risk  of  nuisance  from  smoke  and  dirt  which  so  often  attends 
the  introduction  of  valves  into  chiomeys. 

Mr.  Eassie,  in  his  valuable  treatise  on  The  Sanitary  Arrange- 
menlM  of  Dwellingt,  relates  a  very  interesting  experiment  made  by 
Dr.  Russell,  of  St.  Bartholomew's  Hospital,  to  ascertain  the  tempera- 
ture of  different  parts  of  a  room  of  which  the  doora  and  windows 
were  of  the  ordinary  kind.  The  experiment  was  tried  with  both 
doore  and  windows  closed,  and  with  s  fire  and  three  gas  burners  ah'ght. 
The  size  of  the  room  was  13  feet  X  15^  feet,  and  lU^  feet  high,  and 
two  persona  only  were  in  it,  and  this  condition,  if  was  assumed  by 
Dr.  Bnasell,  was  exactly  the  same  as  tbat  of  thousands  of  houses 
during  the  winter  season.  After  three  honi-a  has  elapsed  tho  tempe- 
rature at  nine  inches  below  the  ceiling  had  risen  1  "5  degrees,  at  five  f  t- 
above  the  floor  line  it  had  risen  15  degrees,  while  at  the  floor  line  ifc 
was  four  degrees  only  above  the  temperature  recorded  before  the  doors 
and  windowa  were  shut,  and  when  the  room  was  filled  with  fresh  air. 
From  this  it  will  be  seen  that  in  any  arrangenents  made  for  Ihe 
removal  of  vitiated  air,  and  the  admission  of  fresh  air,  it  is  necee- 
aary  to  have  regard  to  the  conditions  which  rule  the  teraperatnre  of 
the  room. 

The  removal  of  vitiated  air  from,  and  the  regulation  of  the  tempe- 
rature of,  public  buildings,  such  as  hospitals  and  asylums,  and  of 
private  mills  and  factories,  and  the  dormitories  of  large  institutiona 
and  private  dwellings,  are,  aa  already  stated,  otjeots  of  extreme 
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difGcnlty.  Up  to  this  time  science  has  certainly  not  been  able  fal^l 
to  master  the  saljcct,  although  a  groat  number  of  valuable  theorisAf 
have  been  propounded  bj  experts,  and  ingcuiona  inventiouB  brongU  ^ 
forward. 

Among  them  certain  contrivances  aiming  at  the  creation  of  a 
conataat  "  np  "  or  "  out "  draught  from  veotilatiug  shafts,  ^ipes, 
and  tubes,  and  fi-om  chimneys  and  sewers,  by  directing  a  current  of 
air  (wind)  ocro.is  the  top  uf  them,  appear  likely  to  be  attended  with 
saccesB,  and  mjiy  be  usefaUy  applied  in  oi'dinary  dwellings.  Some 
of  these  are  figured  on  Drawing  IV.,  and  the  principle  involTod  is 
called  ventilation  by  "extraction."  The  action  of  Banner's  cowl 
{Fig.  3  on  Drawing  IV.),  which  well  illustrates  the  principle,  is  thus 
described  in  Bh/th's  Bklionary  of  Hygiene.  "The  large  end  of  a 
fonnel-ahapcd  tube  is  always  directed  towards  tbe  wind,  and  a  cnru^ 
rent  of  air  passing  in  there,  is  pressed  forward  tliroug-b  the  annuloEfl 
space  between  the  two  cylinders.  When  it  reaches  the  end  of  tl 
inner  one,  it  espands  round  it,  and  in  its  passage  out  at  the  sma" 
end  a  vacunm  is  created  round  the  point  of  the  inner  cylinder  wh 
by  suction,  draws  out  its  contents  into  the  open  air." 

I  cannot  speak  of  the  value  of  this  contrivance  &om  my  c 
personal  experience. 

Three  other  ventilators  are  shown  upon  Drawing  TV.  Fig.  Xm 
represents  that  known  as  Boyle's  "  Air-Pnmp  Ventilator."  Fig.  SM 
represents  How arth's  "Arcbimodian  Screw  Ventilator,"  and  Fig.  4iM 
shows  Landau's  "Automatic  Ventilating  Cowl."  Like  the  ventilatoKl 
of  Banner,  already  described  (Fig'  3),  those  shown  by  Figg.  1  &  4J 
aim  at  the  creation  of  a  crosa  draught  of  air  at  the  top  of  the  shafts 
or  opening  intended  for  the  escape  of  foul  air.  In  the  case  of  Fig.  i,  I 
however,  this  object  ia  songht  without  the  revolution  of  any  part  ol  | 
the  contrivance  in  accordance  with  the  direction  of  the  wind. 


LXIV. — The  Water  Scpplt  or  the  Dwelliso.  In  all  diatri 
where  the  supply  of  water  is  obtained  from  a  source  in  the  handa  a 
a  sanitary  authority  or  a  publie  company,  the  occupants  of  dwellin^^ 
will  generally  do  well  to  accept  that  supply,  instead  of  looking  foB 
one  of  their  own,  for  the  instances  are  rare  in  which  a  better  OT  J 
safer  one  can  be  obtained  &om  private  sources.  Moreover,  if  th»-J 
actual  coBt  of  water  obtained  by  means  of  a  general  supply  be  coin*fl 
pared  with  that  derived  from  private  sources,  it  will  be  fonndf 
that,  in  the  majority  of  cases,  the  former  will  be  the  cheapor.  J 
of  the  two.  Where  a  general  or  combined  supply  is  adopted  in  J 
rural  parishes  or  districts,  the  population  of  which  is  sparse  aodJ 
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cotDparatiyely  poor,  it  is  just  possible  that  the  annnal  charge 
on  private  dwellings,  which,  on  an  average,  reaches  Is.  only, 
may  reach  Is.  6d.  in  the  ponnd  on  their  rateable  value.  A  dwell- 
ing of  which  the  rateable  value  is  £100,  would  then  be  charged 
as  mach  as  £7  10s.  per  annum,  or  nearly  5d.  per  day,  which 
is  high,  though  not  too  high  to  deter  householders  from  taking  it 
at  the '  price ;  but  supposing  the  quantity  of  water  consumed 
daily  in  such  a  dwelling  to  be  300  gallons,  the  charge  would 
then  reach  a  penny  per  60  gallons  delivered  to  the  premises. 
It  is  impossible  to  deny  that  though  this  rate  of  charge  very 
much  exceeds  that  of  large  towns  (see  Section  XIX.),  it  would  be 
very  much  less  than  a  resident  of  such  a  dwelling  in  the  country 
expends  in  pumping,  or  otherwise  providing  the  same  quantity  of 
water  for  the  use  of  his  establishment. 

These  remarks,  which  favour  combined  supplies  in  rural  as  well 
as  urban  districts,  do  not,  of  course,  apply  to  dwellings  held  with 
lands  of  an  extent  and  character  sufficiently  large  to  famish  water 
from  springs  or  from  uncultivated  surfaces,  and  to  allow  of  its 
delivery  by  gravitation.  They  refer  to  those  very  numerous 
instances  where  no  general  supply  exists,  and  where  individuals  are 
dependent  on  wells  or  rivers,  or  upon  surface  waters  to  be  collected 
and  stored  in  tanks. 

When  treating  in  my  previous  remarks  on  Water  generally,  I 
endeavoured  to  show  that  the  Engineer,  however  closely  he  may 
agree  with  the  chemist  in  his  abstract  views  of  the  different  quali- 
ties of  water,  must,  in  a  majority  of  cases,  disregard — because  he 
cannot  command — those  sources  which  the  chemist  prefers,  and 
have  regard  to  those  waters  only  which  are  within  his  readh,  even 
though  they  may  be  such  as  have  been  characterised  as  '*  sus- 
picious." 

(1)  Wells  of  Varioiia  Depths.  Up  to  this  time,  in  nine  out  of 
ten  cases  where  no  general  supply  exists,  the  occupants  of  dwellings 
are  dependent  upon  wells  of  different  depths.  These  are^  generally 
called  either  **  Deep  Wells  '*  or  "  Shallow  Wells." 

*'  Deep  Wells  "  are  technically  understood  to  mean  wells  of  any 
depth,  which  reach  a  subterranean  bed  in  one  of  the  water-bearing 
strata,  and  which,  being  fed  by  wide  and  distant  conrtribution, 
never  altogether  fail  in  supply.  In  the  majority  of  cases  the  power 
required  to  raise  the  water  of  such  wells  is  greater  than  that  of 
hand. 

"  Shallow  Wells  **  are  those  which  are  fed  by  land  or  surface 
springs  from  sources  of  limited  extent  which  may  fail  in  very  dry 
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1  intpodnce  t>hia  table,  whicb  I  bave  prepared  as  a  record  of 
local  hydro. geology,  tbat  you  may  Bee  how  the  antnmti  and 
wintep  rains  govern  Babternmean  supplies  snch  as  tbia  well  illna- 
trates,  and  tbat  yon  ma;  observe  tite  fact  that  acilese  tbe  snmmer'a 
eraporatioii  has  been  compensated  by  copioaa  rains  in  September, 
October,  and  November,  followed  by  an  average  winter's  rainfall, 
BQoh  wells  may  fail  altogether. 

The  foregoing  table  shows  tbat  the  wet  winter  of  1872-3  (17'65 
inches)  followed  by  a  summer  rather  wetter  than  nsnal  (11*56 
incbes)  had  raised  the  water  in  the  well  to  each  a  height  that  on 
1st  January,  1874,  it  stood  7ft,  6iii.  deep.  The  winter  of  1873-4 
was  a  dry  one  (9-42  inches),  and  was  followed  not  only  by  a  dry 
summer  (991  inches),  but  by  another  dry  winter  (1874-5 — 10'73 
inches),  the  consequence  being  tbat  the  water  in  the  well  waa  only 
1ft.  lin.  deep  in  April,  1875,  and  none  could  be  drawn  from  it.  At 
the  present  time,  owing  to  the  wet  winter  of  1875-6  (15'90 
inches),  following  a  wet  summer,  the  water  in  the  well  has  not  only 
recovered  its  depth  (7ft.  lOiu.),  but  at  this  moment  (May,  1876)  it 
is  still  on  the  rise.  The  depth  of  the  well  is  78ft.,  and  it  is  annlc 
in  the  drift  overlying  the  chalk. 

At  the  present  time,  when  the  supply  of  pure  water  is  regarded 
with  the  greatest  interest,  as  the  first  essential  of  life,  such 
information  as  this  table  afibrda  will  be  found  valuable,  for  it  mnst 
remove  the  impi-ession  that  has  provaiiod  that  wells  of  such  mcdinm 
depth  are  more  to  be  relied  upon  than  shallow  wella,  which  are 
often  replenished  by  the  accumulation  of  rains,  from  which  the 
deeper  wells  derive  no  accession  of  supply. 

Deep  Weill.  —  In  the  case  of  large  establishments  and  public 
institutions,  it  will  be  necessary  to  have  at  command  a  supply  of 
water,  if  it  can  be  possibly  secured,  which  will  not  be  readily  affected 
by  diinioishcd  rainfall ;  and  the  ioBtances  arc  few  in  which  either 
the  new  red  sandstone  or  the  chalk  will  fail,  unless  the  subterranean 
bed  is  being  drawn  upon  at  the  same  time  by  large  commtmitiea. 
(See  Section  XXXII.  and  Appendix  F.) 

Referring  you  back  to  Sections  XXIV.,  XXV.,  XXVI.,  and 
XXXII.,  for  the  analyses  and  characters  of  deep  well  waters,  I  may 
here  give  the  opinions  of  the  Rivers  Pollution  Commissioners  of  the 
waters  to  be  derived  from  the  new  red  sandstone  and  the  chalk, 
which  possess  larger  water-bearing  capabilities  than  all  the  other 
s  of  the  crust  of  this  country  put  together.  They  say  that 
"unpolluted  watera  drawn  from  deep  wells  in  the mbkj  rei/ namiiiione 
are  almost  invariably  clear,  sparkling,  and  palatable,  and  are  among 
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the  best  and  most  wtoleaome  waters  for  domestic  supply  in  Great 
Britain.  Tbey  cotitain,  as  a  rule,  but  a  modertite  amotmt  of  saline 
imparity,  aad  eitlier  none,  or  but  the  merest  traces,  of  organic 
imparity.  The  hardness  is  usaally  moderate,  and  only  when  tha 
water  is  derived  from  originally  impure  sources  doee  it  become 
excessive.  There  is  every  reason  to  believe  that  a  vast  quantity  of 
hitherto  annlilizcd  water  of  most  excellent  quality  is  to  be  had  at 
moderate  expense  from  this  very  extensive  geologioal  formation." 
•  •  •  •  "  The  unpolluted  deep  well  waters  from  the  chalk 
rank  amongst  the  be.st  and  most  wholesome  with  which  we  have 
become  acquainted.  They  are  almost  invariably  colourless,  palatable, 
and  brilliantly  clear.  The  chalk  constitutes  magaiBceat  underground 
reservoirs,  in  which  vast  volumes  of  water  are  not  only  rendered  and 
kept  pure,  but  stored  aud  preserved  at  a  uniform  temperature  of 
about  10°  C.  (50°  P.),  so  as  to  be  cool  aad  refreshiug  in  summer, 
and  far  removed  from  the  freezing  point  in  winter.  It  would 
probably  be  impossible  to  devise,  even  regardless  of  expense,  any 
artificial  arrangement  for  the  storage  of  water  that  could  secure 
more  favorable  conditions  than  those  naturally  and  gratuitously 
afforded  by  the  chalk,  and  there  is  reason  to  believe  that  the  more 
this  stratum  is  drawn  upon  for  its  abundant  and  excelleat 
Trater  the  better  will  its  qaalitiea  as  a  storage  medium  become. 
Every  1,000,000  gallons  of  water  abstracted  from  the  chalk  carries 
with  it  in  solution,  on  an  average,  one-and-a- quarter  tons  of  the 
chalk  through  which  it  has  percolated,  and  thus  makes  room  for  an 
additional  volume  of  about  110  gallons  of  water.  The  porosity  or 
flponginoRS  of  the  chalk  must  therefore  go  on  augmenting,  and  the 
yield  from  wells  judiciously  sank  ought  within  certaiu  limits  to 
increase  with  their  age.  The  only  drawback  to  these  waters  is  their 
hardness,  but  this  disadvantage  is  greatly  reduced  by  the  circnm- 
Btance  that  it  is  chiefly  of  the  '  temporary  '  kind,  and  can  be  therefore 
easily  and  cheaply  removed  by  tho  application  of  Clark's  process." 
(See  description  of  this  process,  Appendix  0). 

These  tempting  woi-ds  of  the  Rivera  Pollntion  Commissioners  must 
be  received  with  considerable  allowance.  Wc  mast  not  forget  that 
both  the  water  in  tho  chalk  below  London,  and  that  in  the  new  red 
sandatono  below  Liverpool,  have  sunk  permanently  50  feet,  if  we  are 
to  believe  the  evidence  referred  to  in  Section  XXXII. 

The  well-sinker,  moreover,  docs  not  always  meet  with  a  snfficienfc 
supply  even  in  these  strata.  In  the  chalk  he  will  occasionally  fail 
altogether  in  reaching  any  supply,  while  ia  several  instances  the 
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draught  of  certnm  wella  has  been  known  tio  Berioaal;  detract  from 
the  supply  of  others.     (See  Section  XX  XT  I.  and  Appendix  F.) 

When  Binking  very  recently  the  trinl-ahaft  at  St,  Margaret's  Bay, 
to  ascertain  the  condition  of  the  earth  throngh  which  the  proposed 
channel  tunnel  would  paaa,  Mr.  Tilley,  of  Walbrook,  bored  through 
the  chalk  and  gi-een  saud  formations  into  the  gaull  without  finding 
amy  jotilcr.  In  the  new  red  sandstone  there  has  been  esperieoced,  in 
addition  to  occasional  failures  of  supply,  the  disadvantage  arising 
from  the  eiistence  of  gypsum,  which  gives  an  excessive  degree  of 
hardness  to  the  water,  while  in  some  of  the  beds  of  the  same  forma- 
tion salt  prevails  to  snch  an  estent  as  to  render  the  water  altogether 
unfit  for  doraesl^ic  parpoaes. 

Ab  an  Kngineer  seeking  water  from  subterranean  sources  must 
bare  reference  to  the  geological  features  and  the  special  circnmstances 
of  each  particular  case,  I  will  content  myself  by  referring  very  briefly 
to  some  executed  works,  the  particulars  of  which  may  be  found 
useful. 

In  the  new  red  sandstone  Messrs,  Mather  and  Piatt,  of  the  Salford 
Iron  Works,  have  done  much  in  gaining  water  with  their  patent 
rock  boring  machinery.  The  yields  afforded  by  some  of  these 
borings  are  set  forth  in  the  following  table  ; — 


apply  otWUm  per  toy 


u.soo 


By  way  of  parenthesis  I  may  here  state,  in  proof  of  the  rapidity 
■with  which  borings  may  be  effected  by  Messrs.  Mather  and 
Platts'  machinery,  that  at  Nottingham  a  depth  of  Z74i  ft.  with  a 
12-inch  bore-hole  was  reached  in  91  days;  thongh  this  rapidity 
hardly  bears  comparison  with  that  with  which  the  Abyssiaian 
^be  wella  (see  Figg.  54  to  i>7)  have  been  driven  in  different  localities 
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At  BroBsels  a  depih  of  €0  feet  was  readied  in  two  hoars,  while  at 
Mr.  Warren  de  la  Uuo's  Observatory,  two  wells  (Ij  in.  diameter)  were 
Bnnk  to  a  deptliof  SOfeet  in  one  day,  tlio  yield  of  water  obtained  being 
900  gallons  per  hour.  At  tfaiti  place  (Chatbam)  Messrs.  Lo  Grand 
ftnd  Sutcliff,  tlio  makers  of  the  tabe  well,  have  driven  81  feet  in  one 
day;  and  at  the  Cattle  Siation,  Thames  Haveu,  51  feet  Lave  been 
reached  m  tlie  same  time.  The  late  Emperor  of  the  French  person- 
ally aasiBted  in  the  operation  of  driving  one  of  the  AbysBiuian  tobe 
wells  at  St.  Cload,  when  28  feet  were  driven  in  half-an-honr. 

Mr.  Tilley,  who  has  bad  much  experience  in  well  ainking  and 
boring  in  different  formatioua,  has  given  me  the  resnlta  of  some 
of  his  opei'ations  in  the  challi  and  tho  new  red  aandstone. 
Speaking  of  the  latter  he  aaya  that  at  Aatov,  near  Birmingham,  he 
aniik  a  well  100  feet  deep  and  bored  3W  feet  for  the  Birmingham 
Water  Company,  and  obtained  a  supply  equal  to  3,000  gallons  a 
minnte,  or  nearly  4,500,000  gallons  daily.  The  bore-holo  is  20  inches 
in  diameter,  and  int«  it  the  suction  pipe  of  the  pnmp  descends.  The 
pnnip  works  a  10-ft.  stroke  at  tho  rate  of  'J^  strokes  per  minute. 
In  this  instance  Mr.  Tilley  tells  me  that  the  water  stands  at  a 
constant  level,  not  varying  a  qoarter  of  an  inch  even  when  tb« 
pnmping  is  continuous. 

The  same  well-sinker  has  executed  sundry  other  works  with  dif- 
ferent reauita.  In  1861  he  sunk,  at  a  cost  of  £2,300,  "  No.  1  well  " 
for  the  Wallasey  Commissioners.  It  was  seven  feet  in  diameter  and 
90  feet  deep  and  was  lined  with  cast  iron  cylinders.  A  boring  was 
made  at  the  bottom  of  the  well  partly  14  inches  and  partly  eight 
inches  in  diameter  to  a  total  depth  from  the  surface  of  250  feet. 
24  hours  pnmping  at  the  rate  of  500  gallons  per  minute  reduces  the 
head  of  water  51  ft.  9  ins.  In  1673  he  sunk  a  similar  well,  known 
SB  "No,  2  well,"  about  20  feet  distant  from  No.  1,  and  made  an 
18-inch  bore-hole  to  a  depth  of  400  feet  from  the  surface  at  a  total 
cost  of  £2,677.  The  quantity  raised  from  this  well  is  700  gallons  a 
minut«.  Since  the  well  was  finished  No  1  yields  a  greater  qmintitj 
of  wator  than  before,  and  the  commissioners— Mr.  Tilley  tells  me — 
are  enlarging  and  deepening  it  to  the  depth  of  Nu.  2. 

At  Eaton  Hall,  near  Chester,  the  seat  of  the  Duke  of  Westminster, 
Mr.  Tilley  has  lately  made  a  six  inch  bore-hole,  350  feet  deep,  which 
at  28  feet  from  the  sui'f ace  yields  200  gallonn  per  minute.  The  boring 
cost  209.  per  foot  with  12s.  fid.  per  foot  added  for  piping. 

BetQming  from  the  red  sandstone  to  the  chalk,  I  may  state  that 
at  the  extension  works  of  the  Dockyard  here  (Chatham),  a  well  was 
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sunk  70  feet  deep  and  lined  with  cast  iron  cylinders,  from  the  bottom 
of  which  a  bore-hole  lined  with  18-inch  cast  iron  pipes  was  further 
sunk  to  a  depth  of  58  ft.  6  ins.,  followed  by  a  12-inch  boring  163  feet 
further  still.  From  this  well  large  quantities  of  water  are  obtainable. 
The  supply  at  39  feet  below  the  coping  of  the  new  basin  has  been 
guaged  and  found  to  yield  1028  gallons  per  minute  (nearly  1^ 
million  gallons  per  diem).  The  water  when  at  rest  stands  at  a  level 
of  18  ft.  6  in.  below  the  same  datum,  or  20  feet  higher  than  the 
pumping  depth. 

It  may  be  mentioned  that  the  Chatham  Water  Works  Company 
derives  its  supply  from  the  chalk  formation  at  a  village  (Luton) 
under  the  Star  Hill  from  driven  headings. 

Perhaps  one  of  the  best  examples  that  could  be  given  of  the 
quantity  of  water  which  may  be  obtained  from  the  chalk  for  a  large 
dwelling,  or  for  a  small  community,  is  that  afforded  by  Mr.  Tilley's 
experience  at  the  Mercers*  Mill  Brewery,  Uxbridge,  where  a  bore- 
hole yields  a  supply  of  a  true  artesian  character.  The  bore-hole  is 
four  inches  in  diameter  and  the  depth  130  feet.  The  water  rises 
from  the  hole  to  a  height  of  4^  feet  above  the  surface  at  the  rate 
of  70  gallons  a  minute,  and  is  sufficient  to  work  a  ram  which  could 
raise  into  the  brewery  a  proportion  of  the  outflow  quite  equal  to 
the  quantity  required.  The  cost  including  80  feet  of  piping  was 
£133. 

At  Woolwich  a  well  has  been  sunk  580  feet  deep,  on  a  site  22j 
feet  above  mean  sea  level,  the  yield  of  which  had  been  1,400,000 
gallons  per  diem.  Another  well  has  been  sunk  160  feet  at  Brompton, 
on  a  site  152  feet  above  mean  sea  level,  and  the  yield  has  been 
nearly  300,000  gallons  per  diem.  At  the  London  Orphan  Asylum, 
at  Watford,  on  a  site  190  feet  above  the  mean  sea  level,  a  well 
which  was  sunk  257  feet  into  the  chalk,  yielded  80,000  gallons  a 
day.* 

I  have  obtained  some  valuable  information  in  the  form  of  the 
following  table  from  Mi*.  Paton,  of  St.  Albans,  whose  name  is 
associated  with  the  efforts  made  to  supply  London  with  water  from 
the  Colne  Valley,  and  who  has  had  very  large  experience  in  this  kind 
of  work : — 


*  From  Wai«nrork9,  hy  S.  Hughes.    Weale'i  Series. 
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The  last  instance  given  in  the  foregoing  table  hftR  a  special  bearing 
on  the  water  supply  of  the  dwelling,  as  it  shows  what  a  Dobleman  of 
wealth  may  do  for  the  supply  of  his  mansion,  and  for  lArins  and 
Tillages  near  at  hand.  lu  this  case  I  am  informed  by  Mr.  Faxton, 
the  agent  to  the  estate,  that  the  water  is  raised  by  an  engine  of 
28  horae-power,  working  three-throw  pnmps,  in  sufficient  volume 
to  afiord  a  constant  supply  to  the  mansion,  gardens,  and  fountains, 
BA  well  as  to  the  Tillages  and  farms  of  Ringahall,  Little 
Oaddesdenand  Hudnall.  The  total  cost  of  laying  ou  the  water — 
including  well  sinking  and  boring,  engines,  covered  reservoirs,  tanks 
And  cisterns — was  £11,018  ISs.  8d.,  while  the  average  cost  of 
repairs,  attendance,  and  working  expenses,  amounts  to  £430  per 
annum. 

Mr.  Thomas  Docmra,  of  Balls  Pond,  who  has  also  had  very  wide 
experience  in  well  sinking,  saya  that  he  has  found  that  many  beds, 
both  in  the  new  red  sandatone  and  in  the  chalk,  differ  very  mncli 
in  texture,  as  well  as  in  their  other  characteristics.  There  are  layere, 
he  says,  in  the  chalk  quite  as  compact  and  solid  as  certain  descriptions 
of  rock  ;  some  beds,  in  fact,  being  nscd  as  a  building  stone.  These  are 
ooatly  to  get  through.  Comparing  the  soft  with  the  hard  portions, 
Mr.  Docwra  says  the  cost  of  excavation  will  be  about  half.  With 
respect  to  the  new  red  saodstone,  he  considers  that,  as  a  general 
rule,  the  coat  may  be  taken  to  be  about  double  that  of  the  same  work 
>Q  the  softer  chalk,  or  about  the  same  as  the  harder  chalk.  The  oost 
of  sinking  wells — say  of  a  diameter  of  seven  feet — in  the  soft  chalk 
ia  eatimat«d  by  Mr.  Doowra  at  20s.  per  foot  for  the  first  20  feet,  to 
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which  mnali  be  added  5a.  per  foot  for  each  20  feet  ot  additional 
depth  i  for  instance, 

Wells  from  20  to  40  feet  in  depth,  25b.  per  foot. 
Do.         40  to  GO  feet        „         SOh.       „ 

With  respect  to  boring,  Mr.  Docwra's  fignres  aie  as  follows  :— 

24i-in.  bore-hole,  without  piping,  7  20s.  per  foot,  increasing  3b.  per 
Gtarting  at  100  ft.  from  eai^ace.  J  foot  at  every  20  feet. 
18-iii.  „  „  16b.         „         2s.  6d. 

12-in,  „  „  10a.        „        2b. 

6.in.  „  „  8a.         „         Is.  6d. 


and  he  states  that  "  the  prices  of  cast  and  wrought  iron  pipes  for 
lining  bore-holes,  vary  from  1b.  per  inch  (diameter)  per  foot  in  the 
smaller  sizes,  to  Is.  6d.  per  ioch  per  foot  in  the  larger  sizes.  Tn 
driving  headings  in  chalk  the  cost  is  governed  by  the  depth  from  the 
Snrface ;  one  at  100  feet,  of  the  size  of  seven  feet  by  four  feeti 
woald  cost  £2  to  £3  per  foot  forward."  These  fignres  do  not 
inclade  any  pamping  that  may  be  reqaisit«  daring  the  canying  ont 
of  the  work. 

Mr.  Tilley  puts  the  cost  of  boring  in  the  red  sandstone  and  in 
the  chalk  aa  follows  : — 


duOk. 

6  inot  bore  hole, 
12  inoh         „ 
18  iooh 

...       20/.      ... 
...       40/.      ... 
...       60/-      ... 

20/. 
32/. 
54/.) 

Eioluam 

of 

pipes. 

Sapplies  of  water  in  large  quantities  and  of  excellent  qnalitiea 
may  be  also  obtained  by  the  sinking  of  wells  in  other  strata,  besides 
the  new  red  sandstone  and  the  chalk.     (See  Section  XIX, ) 

The  Rivers  Pollntion  ComraisHioncrB  refer  to  the  water  obtained 
from  the  oolites,  as  "bi-ight,  sparkling,  and  palatable,"  and  state  that 
"  if  the  original  water  feeding  these  woils  has  not  been  grossly 
polluted,  the  quality  of  the  oolitic  deep  well  waters  is  most  excellent 
for  drinking  and  all  domei^tic  purposes,  except  washing."  This 
formation,  it  will  be  remembered,  runs  in  a  long  strip  from  the 
ITorth  to  the  South  of  England,  and  has  been  resorted  to  for  water 
in  various  places.  At  Northampton  the  supply  reaches  600,000 
gallons  a  day,  or  12  gallons  a  head,  and  is  declared  to  be  of  superior 
quality.  An  instance  of  a  supply  ^m  this  source  is  given  in  the 
table  in  Section  XIX. 
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Deep  wells  have  been  Bunk  in  the  old  red  sandstone  as 
■well  as  in  the  Hastings  sand,  the  lower  and  upper  green  aand, 
and  in  the  Wealden  formations,  with  great  saccess,  bat  the  quality 
of  the  water  ia  not  generally  so  good  as  that  obiained  from  the 
strata  to  which  I  have  specially  roferred. 

The  coal  formation,  with  its  beds  of  porous  grit  and  sand- 
stone, alternating  with  retentive  strata  of  sbale  and  clay,  ia  found 
also  to  yield  water  in  quantities  sufficient  for  large  establishments 
and  iaolated  dwellings.  Theae  watery,  thongh  generally  palatable, 
are  liable  to  have  a  shght  chalybeate  taste.  They  also  in  some 
places  contain  rather  large  quantities  of  saline  matter  in  aolutioni 
and  well  sinking  in  thia  formation  is  therefore  attended  with  great 
uncertainty. 

Speaking  generally,  not  only  is  the  sinking  of  deep  wells  an 
expensive  and,  in  some  instancea,  a  doubtful  work  in  itself,  but  when 
the  annual  coat  of  pumping  is  added  to  the  interest  on  the 
capital  expended,  the  current  coat  often  becomes  a  very  formidable 
matter  indeed.  In  large  towna  the  cipenae  of  obtaining  water  from 
deep  wells  falls  comparatively  lightly  upon  the  recipients,  the  number 
ofinhabitantsupou  which  it  can  beapportiocedbeinglarge.  If  we  refer 
back  to  the  details  given  in  table  Section  XIX,  we  find  that  the  charge 
for  water  reaches  five  per  cent  on  the  rentala  of  bouaea  in  a 
large  number  of  the  ioatanoea  quoted.  For  the  supply  of  single 
dwellings  even  of  a  large  size,  the  annual  cost  of  pumping,  with 
interest  on  the  original  outlay  added,  too  often  greatly  exceeds  this. 
We  find,  too,  in  practice,  that  after  great  expease  haa  been  incurred 
in  sinking  deep  wells,  the  labour  of  pumping,  where  neither  steam, 
water,  wind,  or  horae-power,  is  resorted  to,  is  so  oppressive  on 
servants,  that  the  only  water  raised  is  that  used  for  drinking  and 
special  purpoaea.  Deep  welLa  are  then  supplemented  by  shallow 
("suepicioua ")  ones,  or  by  the  storage  of  surface  waters  (also 
"snapicioua"),  so  that  the  superior  character  of  deep  well  water  is 
partially  lost,  and  the  original  outlay  increased  by  the  proviaion  of 
two  sources  of  supply. 

Shallow  Welh. — On  this  head  I  would  refer  you  to  my  previous 
observationa  on  the  subject  of  shallow  wella  (Section  XXXIX.), 
in  which  I  spoke  of  their  value  when  free  Irom  surface  drainage, 
and  eiplained  a  means  of  recovering  their  use  in  rural  diatricts, 
after  a  perfect  meana  of  sewerage  has  been  carried  into  effect,  and 
a  proper  system  of  scavenging  organized,  whereby  the  chances  of 
contamination  have  been  reduced  to  a  minimum.  I  would  add 
e,  that  wherever  a  constant  supply  of  pure  water  can  bo  found 


in  &  free  soil  within  20  or  25  feet  of  the  surface,  recourse  may  be 

very  advantageously  had  lo  the  Abyssinian  (Norton's)  tube  wells. 

(See  Fig.  54-)    If  these  tube  wells  are  adopted 

wat«r  is  reached   by  driving  or   simply  screwing 

the  tube  down  through  the  gronnd   to  the  water 

level.      In    localities  where   the  water  reached  is 

below  the  range  of  a  lifl  pump,  it  is  necessary  to 

employ   tubes   of   a   larger    diameter    than    those 

adapted  to  shallow  wells,  and  the  plan  by  which 

the  water  is  raised  from  any  depth,  i 

by  Messrs,  Legraud  &  Sotcliff,  the  makers  of  the 

Abyssinian    well   tube,   in  the  following  terms : — 


i_i 


"As  soon  as  the  iirst  or  pointed  length  has  been  driven,  a 
working  barrel,  which  consists  of  a  short  length  of  well  tnbe 
lined  with  braes,  is  added  to  the  well  tnbe  by  placing  the  valve 
seat  D  into  the  working  barrel  (which  is  engraved  in  section  in 
order  to  show  the  position  of  the  lower  valve  seat  and  ring — 
see  Fig.  55),  and  then  screwing  the  workixiK  barrel  on  the  well 
tnbe  in  the  usual  mumier  with  the  socket  which  has  been  taken 
off  tbe  well  tube,  until  it  fairly  bntts  npon  the  well  tube. 
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"  The  ring  A,  with  its  broad  part  downwards,  is  next  laid  on  top  of 
the  working  barrel,  aa  shown  in  Fig.  5,'),  on  to  which  tlie  neirt 
length  of  tobe  is  screwed  in  the  ordinary  way  until  it  is  firmly 
butted  on  to  the  working  barrel,  after  which  process  driving  is 
continued  in  the  ordinary  manner  until  water  is  reached,  and  when 
driven  until  there  stands  several  feet  of  water  in  the  tnbe,  the  lower 
valve  C  is  lowered  into  its  seating  by  means  of  a  amall  hook  pro- 
vided for  that  purpoee,  which  can  be  coupled  to  the  pump  rods. 

"  The  lower  valve  having  been  carefully  wound  round  with 
tow  and  a  little  tallow,  is  hung  on  to  the  hook  above  meutioned, 
and  thus  lowered  down  the  tuhe  until  it  reaches  the  valve  seat  D, 
aa  shown  in  Fig.  57  ;  the  hook  is  then  disengaged  from  the  valve 
and  drawn  up. 

"The  bucket  B  is  next  screwed  on  to  one  of  the  iron  rods 
provided  for  the  pump,  and  lowered  down  the  tube  well  by 
adding  as  many  of  the  rods  as  are  necessary,  until  it  reaches  into 
the  working  barrel,  aa  shown  in  jF%.  57,  and  by  allowing  it  to  rap 
very  slightly  on  to  the  lower  valve  C  it  will  embed  the  lower  valve 
firmly  into  its  place. 

"  The  rods  that  have  been  thus  lowered  have  now  to  be  coupled 
tfl  the  short  length  connected  with  the  pump  handle  and  passing 
through  the  barrel,  the  best  way  to  do  this  being  to  remove  the 
pump  handle,  when  the  short  rod  leading  from  it  can  be  screwed 
into  the  coupling,  and  made  secure  like  the  rest  of  the  joints  by 
split  pins.  The  pomp  head  can  then  either  be  screwed  or  bolted  on 
to  the  tube  well,  and  when  the  handle  is  connected  the  whole  is 
BO  far  complete. 

"  To  start  the  pamp,  water  must  be  poured  down  through  the 
top,  and  pumping  commenced,  and  in  a  short  time  the  water  wiU 
commence  to  flow,  the  time  varying  according  to  the  depth  it  has  to 
be  raised. 

"  At  first  it  should  he  pumped  rapidly,  in  order  to  get  up  as 
much  of  the  grit  and  sand  aa  possible,  until  it  gets  clear,  and 
aa  soon  as  this  is  done  the  well  is  complete. 

"  In  coDclosiou  it  may  be  observed,  that  ail  remarks  and 
instructions  given  for  the  smaller  wells,  apply  equally  to  the  larger 
and  deeper  wells. 

"  A  simple  plan  very  frequently  adopted  with  deep  wells,  where 
the  depth  at  which  the  water  stands  is  not  very  much  below 
the  roach  of  a  lift  pump,  is  aa  follows  : — For  inatance,  when  a 
tube  well  haa  been  driven,  say  60  feet,  and  the  water  has  risen 
only  12  feet,  a  halo,  say  12  feet,  can  he  dug,  at  which  depth 
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the  ardinaiy  pump  can  bo  attached,  and  tho  well  cleared  up, 
and  then  a  workiug  barrel  can  be  coopled  on  with  a  larger  tuba 
reaching  to  the  aarface,  and  surmoonted  by  a  pnmp  head,  aa 
dcecribod.  This  large  tube  can  be  of  either  wrought  or  cast  iron, 
and  as  the  lower  valve,  &c.,  can  be  got  at  from  the  enrfaoe,  thg 
bole  can  be  filled  up  again. 

"  It  will  be  seen  that  this  plan  will  frequently  be  found  tbe  moat 
economical,  especially  where  it  ie  not  known  beforehand  that 
the  water  will  reqaire  to  be  raised  from  such  a  depth,  as  it  enables 
the  small  tube  that  has  been  driven  to  be  utiliiied,  instead  of  having 
to  pull  it  up,  and  re-drive  another  larger  and  more  expensive  tube, 
besides  the  delay  thereby  incurred. 

"  When  water  ia  required  in  large  quantities,  either  for  public 
eatabliabments,  factories,  breweries,  or  for  irrigation,  two  or  more  of 
the  first,  second,  or  third  sized  wells  are  driven,  and  coupled 
together  to  one  main,  according  to  the  supply  required  and  the 
nature  of  the  strata  from  which  the  supply  is  obtained. 

"  No  rule  whatever  can  be  laid  down  as  to  the  number  or 
size  of  tabe  wells  necessary  to  be  driven  in  order  to  obtain  a  given 
quantity  of  water,  for  everything  depends  upon  the  natare  of  the 
water-bearing  strata.  In  some  places  water  may  exist  in  abundance, 
but  the  stratum  may  be  of  a  close,  unyielding  nature  ;  iu  other 
placee  the  water-bearing  seam  may  be  but  shalloAV,  and  yet  supply  & 
copious  yield,  and  iu  others  both  the  seam  may  be  shatlow  and 
the  yield  slow,  and  vice  versa. 

"  The  araallost  size  tube  well  (1  j-inch)  is  of  course  the  most  handy, 
aad  when  tbe  supply  required  is  not  very  large,  it  may  be  more 
convenient  to  couple  as  many  as  four  or  five  together,  though 
this  remark  refers  more  particularly  to  when  the  wells  are  sent 
to  colonies  and  great  distances,  where  it  would  involve  considerable 
delay  to  send  for  the  larger  sizes.  The  average  1^-iuch  well 
will  yield  from  150  to  800  gallons  per  hour,  according  to  the  nature 
of  strata  and  power  applied. 

"  The  second  size  (2-inch)  is  a  very  uBefnl  one,  and  can  at 
times  be  used  with  advantage  to  the  number  of  10  or  12  coRpled  to 
one  main,  the  capacity  of  yield  being  from  300  to  1,500  gallons 
per  hour,  according  to  the  nature  of  the  stratum,  &c, 

"  The  third  size  (3-iiich)  is  the  deseription  mostly  employed 
for  large  supplies,  and  on  an  average  will  yield  from  460  to 
2,000  gaUons  per  hour. 

"  It  should  be  mentioned  that  is  localities  where  tbe  yield  is 
found  to  be  slow,  and   the  water-bcarmg   aeam   aballaw,   it  ia 
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Bometimee  on  advantage  to  emploj  a  larger  namber  of  emaM 
wella  in  preference  to  a  lesser  anniber  of  large  wells,  inaBoiuch  qs  if 
the  rat«  of  supply  will  oot  exceed  a  given  maximum  quantity  to  one 
centre,  the  employment  of  larger  wells  will  not  increase  such,  yield 
proportionately  with  the  increased  size. 

"  The  manner  in  which  a  number  of  these  wells  are  Qenally 
coupled  together  is  hy  means  of  a  main,  or  series  of  cast  iron  flange 
pipes  with  branch  pieces  placed  at  intervals,  such  iDtervals 
being  governed  by  the  nature  of  the  water-bearing  seam.  Ueaally  it 
is  found  that  18  feet  of  main  is  a  fair  space  to  place  between 
the  braaoh  pieces  in  order  that  the  draught  of  oue  well  inay 
not  interfere  with  that  of  the  next.  There  are  of  course  places 
where  it  would  be  safe  to  place  th^m  nearer  together,  whilst  on  the 
other  hand  there  are  places  where  it  may  be  necessary  to  increase 
tbia  distance.  As  a  rule  the  farther  apart  (within  reason)  the 
better. 

"  Aa  will  be  seen  by  Fig.  !>H,  a  bend  is  attached  to  each  branch 

Fig  58. 


piece,  and  this  bend  is  oonpled  on  to  the  tube  well  by  means  of  a 
flange  screwed  on  to  the  tube  well  corresponding  with  the  flange  of 
the  bend. 

"  More  wells  can  always  bo  added  to  this  main  at  any  time 
by  simply  substituting  a  branch  piece  for  tho  terminal  bend,  and 
prolonging  the  cast  iron  pipes  in  accordanoe  with  the  nnmber 
of  wells  added,  and  again  finishing  with  tbo  original  terminal  bend. 

"  For  convenience  and  protection  from  frost  it  is  cnstomary 
to  lay  these  mains  two  feet  below  the  sarface.  The  flange 
joints  are  uEnally  made  with  indiu-rubber  waRhers." 

The  makers  of  these  tube  wells  state  that  in  gravel,  chalk, 
and  some  kinds  of  hard  marls,  from  44)0  to  2,000  gallons  of 
water  per  hoar  may  bo  obtained  by  their  use,  the  ordinary  quantity 
in  coarse  sands  ranging  from  300  to  800  gallons  per  honr,  and 
in  fioe  sands  (including  quickaand  and  loamy  sand)  from  150 
to  SCO  gallons  per  hour.  At  Barton- on- Trent  where  tbo  coupled 
tube  wolls  to  which  I  have  just  referred — and  which  are  shown 
by  Fig.  58 — are  in  nse.  and  wbei-e  the  subsoil  ia  composed  of  a 
gravel  and  eaad,  two  of  the  principal  brewora  raise  Sraia  40,000  to 
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60,000  gallons  per  boor  each.  At  Northfleet  (cement  workaj  3,000 
gallons  per  hoor  are  thus  taiaed  from  the  chalk,  ftnd  at  Kewaric 
4,000  gallons  per  hour  from  the  red  marl  formatioD.  There  is  no 
reason  why  such  a  safe  and  economicHl  meana  of  supply  should  not 
bo  more  frequently  resorted  to  for  dwellings  of  all  kLnd§  where 
the  water  stands  in  the  ground  within  a  moderate  distance  of 
the  enrface. 

Fig.  61)  shows  a  tobe  well  and  centrifugitl  pump  adopted    by 
Messrs.  Gwynne,  and  recommended 
by  them  where  a  large  sapply  is  to  Fig.  59. 

be  raised  from,  an  nndergroucd  bed 
of  water  within  ready  reach.  The 
pipe  or  tnbe  selected,  has  a  power- 
ful screw  attached  to  it ;  this  is 
turned  round  and  screwed  into  the 
ground.  If  the  tube  is  large  i 
diameter,  a  windlass  or  horee-power 
may  be  required  to  sink  it,  and 
in  such  cases  it  may  be  necessary  to 
leave  the  end  open  so  as  to  reduce 
the  friction  and  the  consequent 
power  necessary  for  sinking.  Fiy.  59 
shows  the  tube  sunk  to  a  proper 
depth  in  the  water-bearing  strata. 
A  series  of  holes  or  openings  is  left  in 
the  lower  end  of  the  tube,  apowerfu! 
sucking  pump  is  applied  to  the 
upper  end  of  it,  and  the  water 
comes  up,  bringing  with  it  sand, 
clay,  4c, ;  this  after  a  time  makes  a 
cavity,  as  shown,  which  acts  as  a 
reservoir  for  the  water,  and  the 
more  such  wella  are  worked  the 
better  they  will  become.  This  mode  of  sinking,  especially  through 
quicksand,  or  where  large  qoantities  of  surface  water  have  to  be 
contended  with,  offers  highly  important  advantages. 

I  shall  not  have  a  better  opportunity  than  the  present  of  saying  a 
few  words  upon  the  construction  of  wells.  In  the  remarks  already 
made  I  have  given  some  figures  representing  the  cost  of  sinking 
and  boring. 

In  the  harder  portions  of  the  chalk  and  the  new  red  sandstone,  as 
well  as  in  the  oobtes  and  older  limestones,  wells  require  simply 
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Kinking  and  forming  withont  lining,  but  in  clayB  and  marie,  in 
free  and  broken  eti'ata,  and  when  passing  throngh  thin  partiuge 
between  rocks,  they  lunat  be  steined. 

The  choractor  of  tbe  Lining  or  atoining,  and  tho  method  of 
execadng  it,  will  depend  npon  the  deplh  of  the  wolls  and  the  precise 
natttro  of  tho  strata  through  which  thoy  are  sunk.  In  aome 
cases  the  lining  will  consiat  of  hricks,  laid  flat,  withont  either 
cement  or  mortar.  In  others  it  will  consist  partly  of  couraea 
of  bricks  laid  dry  and  partly  of  conraea  laid  in  cement,  the  distance 
between  tho  cemented  rings  varying  from  5  to  12  feet  according  to 
oircttmstancea.  Under  conditions  of  special  difficulty  the  bricka 
sboald  be  laid  wholly  in  cement.  In  cnsea  where  qnicksands  are  mot 
wilk,  or  where  it  is  intended  to  shot  out  tup  water,  iron  cylinders  are 
resorted  to  as  tho  lining.  The  exclusion  of  surface  waters  is  sometimes 
eifccted  by  laying  tho  brick  ateining  in  cement,  and  concreting  or 
puddling  between  the  bricks  and  the  soil,  and  this  may  be  quite 
sufficient  in  the  majority  of  cases ;  but  if  the  water  which  it  is 
intended  to  ejclade  ia  of  a  polluting  .character — and  the  influx  of  a 
small  quantity  may  be  very  prejudicial — it  should  be  born  in  mind 
that  there  will  always  remain  the  possibility  of  its  percolating 
throngh  the  soil  outside  the  concrete  or  puddling,  and  rising  up 
from  the  bottom  to  the  level  of  the  water  in  tbe  well.  In  fact,  it  is 
only  where  there  are  layers  of  impervious  rock  or  clay,  down 
to  which  the  puddle  or  concrete  can  descend,  and  with  which 
a  perfect  junction  may  be  effected,  that  outer  waters  can  bo 
excluded  from  wells  with  certainty.  With  increasing  experieneo 
concrete  will  fiud  greater  favor  with  well  sinkers.  For  the  atein- 
ing of  ordinary  wells  of  small  diameter,  4^-incb  work,  with  the 
bricka  meeting  end  to  end,  is  amply  sufficient.  Nino-inch  work, 
with  or  witJiont  cement,  is  more  appropriate  when  the  ground 
is  treacherous  and  the  diameter  of. the  well  greater.  The  bricka 
are  sometimes  laid  in  two  rings,  and  sometimes  edgeways,  with 
the  ends  meeting,  in  the  face  ot  the  work.  In  all  caaes  radiated 
bricks  should  be  used,  and  now  that  this  form  of  brick  Is  made 
with  facility  there  is  no  reaaon  why  they  should  not  be  generally 
adopted. 

Tho  old  method  of  executing  stoiniug  by  building  on  curbs 
□f  wood  shod  with  iron,  and  allowing  both  curb  and  superstructure 
to  sink  down  together,  is  not  often  now  resorted  to. 

In  considering,  even  cursorily,  the  construction  of  wolls,  the 
value  of  horizontal  wolls  or  adits — sometimes  called  galleries — 
u  a   means  of   storage  cannot   be   omitted.      In   certain   forma- 
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tions,  where  a  large  quantity  of  water  has  to  be  raised  from 
a  single  well  in  a  given  time,  thoj  are  invalaable.  At  the  well 
at  Raid's  Brewery,  in  Liqaorpond  Street,  in  which  galleries 
were  driven  in  the  chalk  at  a  depth  of  200  feet  from  the  surface,  and 
64  feet  into  the  chalk,  the  yield  is  stated  to  be  192  gallons  per 
minute,  or  101,178,000  gallons  per  annum.  Water  rises  in 
the  well  to  a  height  of  121  feet  from  the  surface.  The  height  of  the 
surface  is  70  feet  above  sea  level,  and  the  water  therefore  stands  at  51 
feet  below  the  same  datum.  At  Bishops  Stortford,  in  a  well  of  which 
the  galleries  were  formed  154  feet  below  the  surface  and  38  feet  deep  in 
the  chalk,  the  yield  has  been  10,000  gallons  a  painute,  or  5,256,000,000 
gallons  annually.  Only  25  gallons  a  minute  came  from  the  shaH: 
itself,  the  remainder  being  supplied  by  the  galleries. 

Upon  the  subject  of  galleries  or  horizontal  wells,  the  Engineer  is 
referred  to  a  very  interesting  publication  upon  horizontal  wells, 
by  Mr.  Lacas,  of  the  Geological  Survey  of  England. 

I  have  already  made  some  genei*al  remarks  upon  rain  ayid  surface 
waterSy  and  I  will  now  endeavour  to  show  under  the  heads  of  (first), 
water  from  roofs  a7id  other  impermeable  surfaces^  and  (second),  water 
from  cultivated  sjirfaces  and  fr&m  tlie  nufhr-dralns  of  cultivated  lands^ 
that  they  constitute  in  very  many  cases  an  available  source  of  supply 
which  the  Engineer  should  not  omit  from  consideration 

Failing  sources  of  an  unexceptional  kind,  one  or  other  of  these 
waters  will  furnish  a  supply  to  which  no  reasonable  objection  can  be 
raised,  assuming  that  it  is  properly  collected,  preserved,  and  filtered. 
(2)  Bain  Water  from  Roofs  and  Impervioxts  Surfaces.  The 
collection  of  water  from  clean  roofs  can  hardly  be  over-valued  if, 
as  declared  by  Dr.  Angus  Smith,  and  satisfactorily  proved  in  my 
own  case,  the  rainfall  can  positively  be  preserved  free  of  organic 
impurities,  and  raised  to  the  highest  standard  of  quality  by 
carefal  collection  and  judicious  domestic  filtration.  (See  Section 
XXXV.) 

There  are  many  dwellings — I  mean  public  institutions  and 
mansions — in  this  country  where  the  extent  of  roofing  exceeds  in 
superficial  area  half  an  acre,  or  80  poles  (G60  X  83  feet),  and  very 
many  more — mansions,  for  instance — where  it  exceeds  a  quarter  of 
an  acre,  or  40  poles.  An  ordinary  dwelling-house  will  cover  10 
poles,  and  a  ruml  labourer's  cottaf^o  2\  poles. 

An  inch  of  iTtin  fallinpr  on  these  surfaces  will  yi€»ld  respec- 
tively 11,311  gallons,  5,655^  gallons,  l,413j  gallons,  and  353| 
gallons.  On  the  western  side  of  the  country  the  ??im/7?iMm  annual 
rainfall   reaches  25  inches  ;  on  the  eastern  15  inches.      If  the 
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whole  of  these  minimnm  qaantities  be  collected  ihey  would 
arnonnt  to  (1)  282.775  gallona,  (2)  14.1.387  gallona,  (3)  35,347 
gallons,  aud  (4.)  8,837  gallons  reapectively  on  the  west ;  aud  on  the 
«aat  to  (1)  169,665  gallons,  (2)  84,832  gallons,  (3)  21,208  gallons, 
and  (4)  £,302  gallons.  Taking  the  domeatic  supply,  per  person,  per 
diem,  at  15  gallons,  it  will  be  seen  that  the  quantity  thns  to  bs 
seonred  woold  be  sufficient  in  the  nest  for  50  persona,  25  persons, 
six  persoDS,  andone-and-a-half  persons,  and  in  the  east  fur  30  persons, 
15  persons,  four  persons,  and  one  person  all  the  year  runud,  and,  of 
oonrae,  to  three  times  aa  many  if,  instead  of  15  gallons  a  head,  five 
gallons  would  suffice,  whicli  in  times  of  drought  it  would  probably  do. 

To  secure  the  whole  of  the  watur  thus  placed  at  command  it 
would  bo  nt-cessary,  na  already  slated,  to  have  the  means  of 
oolleoting  and  storing  a  certain  proportion,  say  one-third  or  less, 
according  to  local  meteorological  conditions.  (For  tanks  see  Section 
LXVIl.) 

Where  the  quantity  of  water  required  ih  in  excess  of  that  which 
roofs  will  afford,  it  will  be  necessary  to  add  an  extent  of  surface, 
which  may  be  prepared  by  covering  the  ground  with  concrete  or 
other  impervious  material  to  throw  off  the  required  addition.  A 
few  poles  of  ground  with  a  regular  slope  will  frequently  suffice  for 
this  purpose. 

(3)  WaUr  from  the  Surfaceg  and  from  Ihe  Under-drams  of 
Cultivated  Landt.  The  water  from  cultivated  surfaces,  in  which 
is  included  that  which  is  contributed  to  oar  rivers  by  tributary 
streaniB,  and  which  may  have  been  rendered  impure  by  the  organic 
matter  washed  off  euch  Burfaces,  is  generally  inferior  in  quality  to 
that  to  be  obtained  from  roofs  and  prepared  surfaces.  Nor  is  the  wafer 
obtained  from  the  sarfaoo  of  cultivated  lands  so  good  in  quality  as 
that  placed  at  command  by  the  under-drains  of  such  lands.  The 
quantity  available  in  a  year  from  the  nnder-drains  of  clay  lands  will 
probably  amount  to  one-third  of  the  winter's  rainfall,  but  the 
minimum  discharge,  upon  which  alone  dependence  can  be  placed, 
may  be  as  little  as  one  inch,  or  22,622  gallona  per  acre.  With  this 
reduced  supply,  if  supported  by  proper  storage  airangements,  two- 
and-a-half  acres  of  land  will  suffice  for  the  supply  of  a  dwelling, 
containing  ten  persona,  with  15  gallons  per  head  per  diem  for 
a  whole  year. 

Water  from  cultivated  surfaces  may,  however,  be  made  serviceable 
for  use,  where  other  means  of  supply  fail,  by  simple  filtration  through 
natural  soil.  Thus  it  may  become  very  far  snperiorto  the  water  now 
consumed  by  the  majority  of  households  in  rural   districts.     The 
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preparation  of  the  filter  beds  of  natural  soil  through  which  to!  ran 
these  waters  is  simple  onongh.  A  plot  of  land  by  the  side  of  a  stream 
may  for  convenience  be  selected  for  the  purpose.  It  must  be  under- 
drained  as  deeply  as  possible,  and  the  water  being  diverted  from  the 
stream  should  be  evenly  distributed  over  its  surface,  and  if  the  dis. 
tribution  be  regulated  by  furrows,  it  may  be  effected  with  precision. 

The  water  of  under-drainage,  if  found  to  contain  ingredients  of  an 
objectionable  character  after  its.  passage  through  the  ground  to  the 
under-drains,  can  be  rendered  perfectly  unobjectionable  by  a  second 
filtration  through  a  plot  of  prepared  soil,  as  pointed  out  in  the  case 
of  surface  waters. 

I  am  prepared  to  hear  objections  to  the  use  of  any  water  that 
may  have  been  once  impure ;  but  when  we  are  taught  by  chemists 
to  believe  that  the  extraordinary  purifying  powers  of  aerated  soil 
will  render  innocuous  large  quantities  of  sewage  in  which  exists 
organic  nitrogen  in  considerable  amount,  we  must  be  satisfied  that  by 
a  second  passage  through  natural  soil,  the  water  of  under-drainage 
may  be  positively  freed  from  any  putrescible  ingredients  it  may  have 
contained.  The  advantage  of  filtration  through  soil  has  been  shown 
at  Merthyr  Tydfil,  where  the  effluent  water  of  the  under-drains  of 
the  land  to  which  sewage  was  applied,  was  found  by  the  analyses 
of  the  Rivers  Pollution  Commission,  to  contain,  on  an  average,  not 
more  than  "032  parts  of  organic  nitrogen  per  100,000  parts  of  water. 

LXV. — Of  different  Motive  Powers  to  raise  Water  from  Wells 
AND  Underground  Tanks.  Having  referred  to  the  several  sources 
from  whence  a  supply  of  water  maybe  gained  for  the  dwelling,  we  have 
now  to  consider  by  what  means  the  quantity  required  for  use  may 
be  most  economically  delivered  to  it — whether,  failing  gravitation, 
the  power  necessary  for  the  purpose  shall  be  exerted  by  hand,  horse, 
wind,  water,  or  steam. 

The  choice  will  necessarily  depend  upon  the  depth  from  which 
the  water  has  to  be  lifted,  the  height  to  which  it  has  to  be  raised, 
the  rate  at  which  it  must  bo  delivered,  and  the  total  quantity 
required  for  use.  The  power  afforded  by  steam  may  be  said  to  be 
always  at  command  and  to  be  unlimited;  with  water  or  wind  the 
power  afforded  will  be  dependent  ujwn  local  circumstances. 

To  arrive  at  the  value  of  manual  and  animal  power,  Telford 
adopted  the  rule  that  "  the  work  done  by  an  animal  is  greater  when 
the  velocity  with  which  it  moves  is  one-third  of  the  greatest 
velocity  with  which  it  can  move  when  not  impeded,  and  the  force 
then  exerted  is  four-ninths  of  the  utmost  force  the  animal  can  exert 
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at  a  dead  pnll."  Ho  considered  that  a  man  of  ordinary  Btrength 
conld  exert  a  force  of  15  lbs.  at  a  crano  handle  inoviug  at  the  rate 
of  220  feet  per  rainttte  per  day  of  eight  hoars,  while  an  ordinary 
horse  when  drawing  at  the  aamo  speed — 220  feet  per  minute — 
would  be  able  to  esert  a  ateidy  pnll  of  150  lbs  for  eight  houra  per 
day— 220  X  150  =  33,000  foot  pounds  per  minute.  At  this  rate  a 
hofBe  is  equal  to  tea  men. 

I  give  this  here,  as  the  power  to  ^^ise  33,000  lbs  to  a  height  of 
one  foot  per  minule  ia  that  which  is  now  generally  taken,  as  yon 
well  know,  as  the  datum  power  of  a  horse  in  calculalions  of  the 
service  of  different  motors. 

Bonllon  and  Watt  arrived  at  the  same  reeuU  in  a  different  way, 
though  they  cimaidered  that  the  power  of  a  horse  was  only  5^ 
times  that  of  a  man. 

The  usual  calculation  is  that  an  average  horse  has  seven  times 
the  power  of  an  average  man — a  proportion  which  will  be  found 
to  agree  with  the  figures  giveu  in  the  following  useful  table  of 
Power  required  to  ruiae  Wider  /rum  Deep  Weth,  which  I  extract 
from  Molesworth's  book  of  Engineering  Fonmilii: : — 


rfpnmp. 

Qu«ta,of 

hour. 

Uulmun 

depth  from  which  ihii  qnanUtr  can  be 

%=■ 

Odshuui 

One  donkey 
gin. 

One  bona 

OnghoTBO- 
power  sleMD 

Inoh«. 

Ill 

US 

aa 

100 

TO 

to 

M 

rem. 

no 

Feet 
BM 

aa 
uo 

A  gallon  of  -wat«r  weighs  10  lbs.,  and  if  we  apply  the  data 
I  have  given,  it  will  be  seen  that  the  maximum  number  of  gallons 
which  fan  be  raised  by  an  average  horse  one  foot  high  per  hour 
reaches  198,000  gallon.s,  and  by  an  average  man  28,286  gallons. 

In  practice  however,  a  considerable  allowance  must  be  made 
for  the  loss  of  power  resulting  from  friction,  and  from  the 
inappropriaf*,  or  defective  nature  of  the  machinery  by  which 
(he  power  is  ntihzed.  It  may  bo  well,  therefore,  to  explain 
the  dilffrent  mechanical  arrungemenla  whith  are  usually  adopted 
in  the  raising  of  water,  and  before  doing  so  give  you  here 
Bome    deductions    made    from    certtun    details    which    1    have 
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obtained    from    Beveral  of   oar    principal    pump-makers — ^Messra. 

Qwynne,  Essex  St. ;  Messrs.  Owens  A  Co.; Mr.  Mason,  Ipswich ;  Messrs. 

Tangye;  and  Messrs.  Wilson  &  Co. — and  which  I  have  redaced  to 

the  form  of  the  following  table,  showing  when  hand,  horse,  or  steam 

power  (or  its  equivalent  in  wind  or  water)  can  be  most  economicallj 

adopted. 

Table  showing  the  description  of  pump  to  be  adopted,  the  character 
of  power  required,  and  the  time  taken  to  raise  diiferent  quantities 
of  water  from  various  depths  below,  to  a  height  of  60  feet  above, 
the  sur&ce  of  the  ground  for  the  supply  of  dwellings : — 


Description  of  pump  to  be  used. 


Character. 


3i 

II 


o 

II 


Character  of  power 
to  be  employed. 


Ft. 


25  •{ 


60 


QaIIs 

160 

1,000 

6.000 

•26,000 

'60.000 

260 
1.000 

6,000 

26,000 
60,000 


100-J 


200 


800 


260 
1,000 

6,000 

26.000 
60,000 

1,000 

6,000 
26,000 
60,000 


}  6. 
1  26. 
V60,( 


1,000 
000 
000 
000 


24"  lift  ami  force  pump. 
S'^  rtitto. 

4f'  ditto. 

0"  ditto. 

7V'         ditto. 


21" 
8" 


6" 
7y' 

0" 


8" 
4" 

9" 

8" 
4« 
0" 
9" 


ditto, 
ditto. 

ditto. 

ditto, 
ditto. 

ditto, 
ditto. 

ditto. 

ditto, 
ditto. 


ditto. 

ditto, 
ditto, 
ditto. 

ditto, 
ditto, 
ditto, 
ditto. 


1 
2 
3 
3 
3 

1 
2 


3 
3 

1 
3 


S 
3 


3 
3 
3 

3 
3 
3 
3 


Inches. 

6to0 

7to9 

9  to  10 

12  to  18 

18  to  21 

6  to9 
9 

9  to  12 

12  to  18 
18  to  21 

7 
9 

9  or  10 

12  to  18 
18 


9 

16  to  18 
18 

12 

12 

16  to  18 
18 


One  man  or  strong  boy. 
Two  men  or  donkey. 
One  horse. 

3  U.P.  engine. 

4  U.P.  eugino. 

One  man  or  strong  boy. 
Donkey  or  pony. 
f  Two  horses. 
I2H.P.  enjBTine. 
4  H.P.  engine. 
6  H.P.  engine. 

One  man. 
One  horse. 
(  Two  horses. 
(  2  H.P.  en^ne. 
6  H.P.  engme. 
12  H.P.  engine. 

r  Two  horses. 
(.2  H.P.  en^ne. 
2  H.P.  engine. 
8  H.P.  engine. 
12  H.P.  engine. 

2  H.P.  engine. 
4  H.P.  engine. 
8  H.P.  engine. 
14  H.P.  engine. 


GallB. 

170 

840 

1.000 

6,000 

10.000 

126 
600 

1,000 

1,600 

6,000 

10.000 

100 

400 

1.000 

1,600 

6.000 

10.000 

400 

800 

1.000 

6,000 

10.000 

700 
1,600 
4,000 
7,200 


Hn 

H 

s 

6 
6 
6 

S 

8 

6 

8i 

6 

6 

n 

6 
81 

6 


In  these  figures  it  has  been  assumed  that  the  water  required  has 
to  be  iifled  to  a  height  of  60  feet  above  the  surface  in  each  case. 
Where,  in  addition  to  this  height,  the  depth  of  the  water  beneath 
the  surface  does  not  exceed  25  feet,  it  would  appear  from  the  fore- 
going table  that  170  gallons  an  hour  will  represent  the  extent  of  a 
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double  tliiB   quantity. 


,  and  a  donkey 

er  having  to  be 


man's   power,    while   two    men  may   i 
and  a,  horse  1,000  gallons. 

With  a  depth  of  50  or  60  feet  beneath  the  surface,  a 
the  water  at  the  rate  of  about  125  gallons  an  1 
will  raise  as  much  aa  500  gallons,  a  superior 
resorted  to  as  the  rate  of  delivery  is  increased. 

With  the  water  at  a  depth  of  100  feet  from  the  surface,  a  man 
may  still  be  economically  employed  if  the  rate  of  delivery  need  not 
exoned  100  galtoas  an  hoar,  and  a  horse  will  be  available  for 
qnantitioH  bctweeu  this  aud  400  or  fJOO  gallons.  Beyond  this  latter 
rate,  bowever,  it  will  be  desirable  to  resoj  t  to  steam, 

Witli  water  at  a  depth  of  200  feet  below  the  surface,  both  manual 
aud  auimul  power  will  give  way  to  mechanical  power  as  the  more 
economical. 

(1)  Manual  Power.  Leaving  the  pnmp  itself  to  be  dealt  with 
presently,  there  is  little  to  be  said  upon  the  arrangements  by  which 
manual  power  can  be  economically  utilised.  Where  the  depth  from 
which  the  water  is  lifted  does  not  exceed  2S  feet,  and  the  quantity 
of  water  nsed  daily  does  not  exceed  500  gallons,  the  common 
atmospheric,  i.e.,  the  suction  or  lift-pump,  with  its  levered  handle,  is 
the  best  and  cheapest. 

Where  the  quantity  to  be  raised  is  comparatively  large  and  the 
depth  considerable,  the  levered  handle  must  give  way  to  a  &amed 
arrangement  of  gearing  which  caji  be  worked  by  wheel  and  pinion. 
&nd  which  readily  allows  of  the  employment  of  either  one  or  two 
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speed  of  the  pnmps  may  be  regulated,  and  the  slower  pace  of  one 
animal  compared  with  another  overcome.  The  gearing  may  be 
placed  either  directly  over  the  well  or  by  the  side  of  it,  as  in  the 
itlastration . 

The  horae-power  arrangement  should,  where  practicable,  be  from 
25  to  30  feet  in  diameter,  though  a  horse  will  walk  without  discom- 
fort in  a  circle  of  18  or  20  feet. 

Drawing  V.  shows  the  application  of  horse  (animal)  power  to 
a  set  of  treble  3|-inch  pumps  raieing  water  from  a  well  120  feet  deep 
into  a  cistern  placed  20  feet  above  the  ground,  and  holding  2,000 
gallons.  The  work  which  thia  drawing  eshibits  was  carried  out  for 
the  Earl  Vorulara,  at  Gorhambnry  in  Hertfordshire,  by  Messrs. 
Owens.  Two  doukcys,  yoked  side  by  side,  raise  500  gallons  an  hour. 
(3)  Wi'rui  Power.  There  is  every  reason  to  believe  thiit  in  raising 
undergronnd  water  from  a  considerable  depth,  the  neglected  power 
of  wind  will  come  into  use  again,  supplemented  as  it  may  be  by  steam 
or  horae-power  when  the  wind  fails.*  Wind  was  at  one  time  very 
commonly  utilized  in  this  country.  It  gave  way  to  water,  aa  the 
more  certain,  and  water  in  ibt  tnrn  gave  way  to  steam,  as  the  most 
manageable  of  all  motive  powers,  Now  that  coal  is  becoming  expen- 
sive, and  water  ia  in  demand  for  many  purposes  for  which  ateam  has 
been  nsed,  attfintion  is  again  being  paid  to  wind,  and  the  ingenuity 
of  the  Eagiueer  is  soQgbt  to  iiirnisb  the  most  economical  form  of 
wind  engine.  Excellent  engines  which  need  not  be  described  here 
are  already  made  by  Messrs.  Owens  &  Co.;  Messrs.  Gwynne  i:  Co.; 
Meaan,  Wsrnur  &  Co.,  and  others. 

Figg.  63  and  I>1,  representing  an  arrangement  adopted  by  Uessra. 
Warner  it  Co.,  will  be  suggestive  of  the  way  in  which  wind  may  bo 
utilised,  either  in  conjunction  with  animal  (horse)  power  {Fig.  (iS)  or 
with  a  small  steam  engine,  (Fif/-  64)  either  the  one  or  the  other  being 
worked  instead  of  wind  as  occasion  necesaitates. 

The  extreme  nnmber  of  days  in  a  year  on  which  the  wind  might 
not  have  sufficient  power  to  perform  the  required  duty,  has  been 
stated  to  be  less  than  100  days,  but  any  estimate  to  be  of  value  must 
depend  ao  much  on  local  inSuenoes,  that  (his  mast  be  taken  with 
reservation.  An  absence  of  wind,  however,  would  seldom  last  more 
than  a  fortnight  at  a  time,  and  seeing  that  the  service  tank  of  any 
establishment — and  indeed  of  any  village — may  bo  made  to  hold  a 
quantity  aufficient  for  a  certain  number  of  days  or  weeks,  and  that 
the  wind  when  at  work  would  do  duty  during  the  night  an  well  as 

'  See  kba  VUlag,  annilarf  Sseiwg—Joiniat  qf  tia  Seful  Agrienlttinil  SiKtriy  i/  fiyloird,  by 
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the  day.  it  may  be  fairly  afisnmed  that  recourse  to  supplemental 
power  would  not  be  freqaont.  WTion  tte  wind  fails,  a  good  strong 
horse,  or  a  steam  engine  working  a  few  hours  occasionally,  will  suffice 
to  make  np  the  deficiency. 

(4)  Wnter  Potcer.  The  readiest  moanH  that  can  be  used  for  raising 
water  from  rnnning  streams  or  springs  is  water  itself.  Where  it 
exists  in  (jnality  safficientlj  pure  for  domestic  use,  and  in  quantity 
Buffioient  to  be  used  as  a  power  at  the  same  time,  the  hydraalic 
ram  will  be  found  to  be  the  cheapest  and  best  mot^ir,  though  the 
wheel,  the  turbine,  and  hydraulic  engines  working  with  compound 
BrrangeDtents,  have  each  superior  advantages  where  eucfa  special 
oonditions  do  not  exist. 

The  Bam.  Where  the  quantity  of  water  is  small  and  its  qnality 
perfectly  pure,  and  where  the  elevation  to  which  the  water  has  to  be 
raised  is  not  too  B"*"'*!  '•he  hydraulic  ram  commends  itself  ae  the 
most  econooiical  of  all  water  lifting  machines.  Ad  ordinary  ram 
with  ft  fell,  for  instance,  of  eight  feet,  and  with  a  flow  of  water  to  it  of 
38  gallons  per  minnte  will  raise  4,000  gallons  per  diem,  from  40  to 
60  fl.  in  height  to  a  distance  of  half-a-mile. 

The  principle  of  the  ram  is  different  to  that  of  any  other  hydraulic 
machine,  as  by  concentrating  into  a  small  quantity  the  force  acoamn- 
lated  by  the  motion  of  a  larger  body  the  small  quantity  is  raised  to 
the  required  height.  The  fall  to  the  ram  should  in  no  case  exceed 
20  feet,  or  repair  will  be  frequently  needed.  As  the  hydraulic  ram 
differs  in  ita  principle  of  action  from  all  other  means  of  raising  water, 
BO  its  useful  effect  varies  according  to  a  different  law.  For  instance, 
when  the  height  to  which  it  is  desired  to  lift  the  water  amounts  to 
eight  times  the  fall  which  works  it,  the  useful  effect  will  be  66  per 
cent.,  but  when  the  elevation  is  ten  times  the  fall,  the  useful  effect 
will  bo  reduced  to  50  per  cent,,  while  at  twenty  times  the  fall,  the 
useful  effect  will  be  only  18  per  cent. 

A  section  and  elevation  of  the  hydraulic  ram  is  given  on  Figs, 
5  and  6,  Drawing  VI. 

A  ram  very  suitable  in  cases  of  isolated  dwellings  has  been  intro- 
'  dnced  into  this  country  from  America,  and  is  known  a«  the  Donglaa 
Ram.  Its  action  will  be  readily  understood  by  the  following 
reference  to  the  case  of  Lea  Hall — a  farm  house  in  Cheshire.  The 
water  supply  to  this  place  is  lifted,from  a  stream  which  has  been 
dtHnmed  np  so  as  to  give  a  head  or  fall  of  8  ft.  6  ins.  From  this 
stream  a  volume  of  water  equal  to  about  25  gallons  per  minute  flows 
into  the  ram  Of  this  quantity  about  one-eighth  is  delivered  to  the 
farm  house  and  buildings,  which  lie  at  a  height  of  50  feet  above,  and 
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a  dietiince  of  aboat  100  yards  from  tho  mm.  This  ram  is  stated  to 
be  applicable  where  no  more  than  18  inches  of  fall  can  be  had,  though 
the  greater  the  fall,  the  more  eflective  will  be  the  result.  It  is  also 
stated  that  a  fall  of  10  feet  is  sufficient  to  raise  water  to  any  elevntion 
nodcr  150  feet,  and  that  in  conveying  it  to  a  distance  of  SO  or  60 
yards  it  may  be  calculated  that  about  one-seventh  of  tho  water 
can  be  raised  and  discharged  at  an  elevation  above  the  ram  five 
times  the  height  of  the  fall  working  it. 

Messrs.  Gwynne  recommend  the  hydraulic  engine  shown  on 
Fig.  i.  Drawing  VI.,  working  an  ordinary  reciprocating  donble-acting 
pump,  instead  of  the  double-acting  ram,  when  it  is  desired  to  pump 
np  clean  water  by  the  use  of  foul  or  dirty  water.  Thoy  say  "  there 
are  rams  which  are  made  to  do  this  particular  purpose,  but  the  duty 
which  they  give  out  ia  bo  very  little,  in  some  cases  not  more  than 
10  per  cent.,  that  we  have  designed  this  hydraulic  engine  to  take 
their  placo — the  dnty  of  which  wo  have  found  after  very  careful 
experiments  to  he  60  per  cent,  We  should  not  advise  this  form  of 
machine  for  low  falls,  nor  for  extreme  high  falls,  it  being  applicable 
to  moderate  falls.  The  machine  requires  very  little  looking  after, 
in  fact  no  more  than  the  ram,  and  will  work  oontinuously  as  long  as 
there  is  water  to  supply  it." 

The  Whml.  The  principle  of  the  water  wheel  is  so  well  understood 
that  I  propose  referring  to  it  only  in  brief  terras.  In  doing  so, 
however,  I  do  not  wish  to  underrate  its  importance  in  the  water 
supply  of  the  dwelling,  for  there  are  many  institutions  and  conntry 
mansions  in  close  proximity  to  running  streams  whose  waters 
may,  by  means  of  its  use,  be  usefully  and  inexpensively  employed. 

During  recent  years  the  water  wheel  has  undergone  many 
improvements,  and  wood  has  greatly  given  way  in  its  construction  to 
iron  and  other  metal.  The  wheel  known  as  the  overshot  wheel 
gives  a  greater  power  than  any  other  form  where  tho  fall  is  com- 
paratively great,  and  the  quantity  of  water  available  to  work  it  ia  small. 
Where,  as  will  be  the  case  in  the  majority  of  instances,  the  river 
or  stream  at  command  has  but  a  slight  incliuatiou,  and  where 
therefore  the  overshot  wheel  could  not  be  adopted,  the  undershot 
wheel  will  be  found  serviceable.  Between  the  two  extremes  tho 
breast  wheel  may  be  turned  to  better  account. 

Comparing  the  undorahot  wheel  with  the  overshot,  the  relative 
efficiency  of  the  latter  may  be  taken  to  be  about  double  that  of  the 
former,  while  the  breast  wheel  will  yield  a  result  rather  greater 
than  the  mean  of  the  two. 

The  Turbine.  The  turbine  haa  of  lato  years  nndergone  many 
improvementB  and  M.  Fonmeyron  has  done  mnch  towards  its  preaeni 
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perfecHou.  M.  Girard,  of  Paris,  who  unforttinately  was  killed 
at  the  recent  siege  of  that  city,  also  Bpent  macb  time  in  the 
irnprovement  of  the  torbine,  and  the  machines  which  have  been 
constraotod  upon  his  designs  are  amongst  the  beat  we  have.  No 
machine,  however,  requires  more  absolnte  perfection  in  ita  proportions 
to  give  a  good  result,  and  many  that  are  aold  are  very  far  from  being 
fnlly  effective  owing  to  imperfect  design  or  construction.  Fig.  7  on 
Drainng  VI.  ahowa  a  turbine  in  section. 

On  a  large  scale  very  high  resnltB  have  been  obtained,  bnt 
for  small  applications  70  per  cent,  only  of  the  power  expended  may 
be  considered  the  limit  of  perfection,  while  from  thia  there  must  be 
a  farther  dtdnction  dne  to  the  pnmp  and  gearing,  which  will  reduce 
the  product  to  50  per  cent. 

Messrs.  Gwynne,  of  Esaex  St.,  have  designed  several  machines  in 
which  they  connect  the  tnrbine  with  different  pumps.  Drawing  VI. 
Fig.  1,  shows  the  latest  combination  of  the  turbine  and  cen- 
trifngal  pump  for  miaini;  water  a  moderate  height,  of,  say  40  feet. 
It  is  suitable  for  a  low  fell  and  works  with  very  little  attention.  Fig.  2 
shows  a  turbina  also  saitable  for  a  low  fail,  bnt  working  a  high 
lift  pump  to  deliver  at  an  elevation  of  100  feet  or  more.  This,  Messrs. 
Gwynne  say,  is  the  simplest  arrangement  possible,  as  there  is  no 
gearing  or  straps  of  any  sort.  Another  form  which  those  enperienced 
makers  recommend  is  that  shown  by  Fi'j.  3,  and  which  consists  of  ft 
turbine  suitable  for  a  considerabie  fall  working  a  pair  of  force  pumps. 
(5)  Sleutn  Power.  Steam,  unlike  wind  or  water  used  as  motive 
power,  possesses  the  advantage  of  being  capable  of  appUcation 
to  any  extent  at  any  time.  It  has  the  disadvantage,  however,  of  not 
only  involving  a  comparatively  heavy  first  ontlay,  bnt  of  requiring 
the  provision  ot  skilled  attendance,  and  of  necessitating  a  constant 
expenditure  in  fuel,  Ac.,  though  this  latter  item  may  in  many  caaea 
he  reduced  by  the  provision  of  storage  reservoira  or  tanks,  when  the 
engine  need  only  then  bo  used  two  or  three  times  a  week.  In  all 
cases  where  the  power  required  is  great,  steam  will  form  the  most 
Buitable  motor,  and  many  excellent  machines  are  now  made  which 
may  be  used  either  in  combination  with  the  ordinary  lift  and  force 
pnmp,  or  with  the  more  modern  centrifugal  pnmp. 

I  do  not  here  propose  to  go  into  the  constructive  principles  of  these 
engines. 

In  many  large  esta,bli,shments  in  rural  districts,  steam  power  may 
be  required  for  other  purposes  than  water  supply.  In  such  cases  the 
&mi1iar  portable  engine  mny  be  very  advautngeoasly  adopted.  It 
can  be  readily  attached  to,  or  detached  from,  the  pumping  machinery, 
and  used  for  one  purpose  when  not  wanted  for  another. 
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Whore  a  fixed  steam  en^ue  is  preferred  it  is  not  an  imcommon 
practice  to  adopt  an  arrangement  similar  to  that  sbown,  for  instance, 
by  Fig.  &6 ;  which  represents   one  of    Mesara.  Warner's  engines. 

Figg.  66  and  67  show  the  Combined  Centrifugal  Pamping  Engine 
of  Messrs.  Gwynne.  Fig.  66  is  a  perapectiv^e  view,  showing  a 
vertical  snction  to  the  pump,  and  Fig.  67  is  an  end  elevation  of 
the  pampinf;  engine,  with  a  horizontal  suction  to  the  pumps. 
A  is  the  case  of  the  pnmp ;  B  the  suction  pipe ;  C  the  discharge 
pipe;  D  the  steam  cylinder  driving  the  pump  direct,  without  the 
intervention  of  any  gearing  whatever ;  E  is  the  steam  pipe  connected 
with  the  steam  boiler;  and  F  is  the  exhanst  pipe  from  the  engine. 
In  these  forms  they  are  best  suited  for  low  lifts. 

Fi^.  68  represents  a  combined  horizontal  bigb  pressure  expansive 
steam  engine  and  donble  action  pump,  manufactured  by  Messrs. 
Tangye. 


Li^^^ 
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LXVI. — Oi*  Pdmph.  The  pnmps  most  siiitable  for  the  raising  of 
water  for  the  supply  of  dwellings  from  wells  and  tanks  may  bo 
classified  aa  follows : — (1),  the  atmospheric  or  common  suction  or 
lift  pump ;  (2),  the  lift  and  force  pump  in  its  various  forms ;  and 
(3),  the  centrifagal  pump. 

In  practice  it  is  found  that  a  depth  of  28  feet  is  the  limit  from 
which  water  can  be  favourably  drawn  by  the  first  class  of  pumps. 

Fig.  69  shows,  partly  in  elevation  and  partly  in  section,  one  of 
Warner's  ordinary  auction  hand  pumps. 

Wherever  the  Umit  of  28  feet  is  exceeded,  or  where  it  is  necessary 
to  raise  tho  water  to  any  height  above  the  surface  of  the  ground, 
upward  forcing  power  must  be  resorted  to.  In  deep  wells  an 
arnuDgement  is  often  adopted  by  which  the  water  is  forced  up  a 
rising  main  by  the  down  stroke  of  the  piston ;  but  for  ordinaiy 
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A  oontiDtiOTis  stream  is  very  effectnally  Becnred  by  ptimpB  worked 
in  sets  of  three,  and  in  those  kDOvrn  as  plunger  aod  bucket  pamps, 
which  act  both  in  the  np  and  down  stroke. 

la  fixing  force  pumps  in  situations  where  the  rising  main  is 
of  any  length,  an  air  yessel  shonld  be  provided,  in  order  to  relievo 
the  pipe  from  strain  and  to  insoro  a  continaoos  discharge  of  water. 
{See  Figt.  73  and  74.) 

When  hand  power  is  employed  the  single  barrelled  pnrap  worked 
by  levered  handle,  or  the  doubled  barrelled  pump  worked  by  frame 
and  crank,  may  be  adopted,  but  with  Lorse  or  steam  power  as 
the  motor,  the  treble  barrelled  pump  is  to  be  preferred. 

In  shallow  wells  the  internal  diameter  of  the  Huction  and  force 
pipe  Bhould  never  be  le.ss  than  two  third.^  of  the  internal  diameter  of 
the  barrel  of  the  pamp,  and  in  deep  wells  the  suction  and  force  pipe 
should  each  be  of  the  same  size  as  the  barrel. 

In  all  wells — especially  in  deep  wells — it  is  desirable  that  the 
vith  great  care  and  strength, 
now  coming  more  and  more  into  use. 
ia  very  compact,  and  is  easily  con- 
nected to  the  ordinary  rotative  steam  engine  by  a  driving  belt. 
These  pumps  are  not,  however,  applicable  to  very  high  lifts.     The 


pomp  work  should  be  fitted  v 

The  centrifugal  pump  is  n 

Its  name  explains  its  action  ; 


Fi,.  75. 


Fhj.  76. 


centrifugal  ]iuiii|p:>  uuhiu  ijv  iUrtorB.  Gwynne,  are  shown  by  Pigs. 
75,  76,  and  77. 

Fig.  75  ia  a  perspective  view.  Fig.  76  is  a  side  elevntion,  and  Fig. 
77  is  an  end  elevation  of  tho  pump.     In  the  last  Sgnre,  S  is  the 
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body  or  ease ;    C  C  the  side  cylinders  or  water  passagea  commn- 
niCatingmthtbe  revolving  wheel,  nr  dine,  and  DD 
the  auction  pipes  on  each  side  of  the  case,  which  Fi;h  77- 

unite  together  on  or  below  the  bed  pkte  G,  in 
OOe  pipe  B,  This  is  considered  an  important 
feature  in  the  anrangoment,  as  the  machine  in 
rendered  extremely  compact.  In  one  of  the 
cylinder  covers  or  ends,  there  is  a  bearing  sup- 
porting the  xpindle  on  which  the  wheel  is 
fixed  1  in  the  other  cylinder  or  cover  there 
is  a  gland  and  a  stuffing  box  E,  through 
which  the  shaft  of  the  revolving  wheel' 
passes.  Q  is  a  standard  supporting  the  shaft, 
P  is  the  pnlly  by  which  motion  is  coinmcaicated  to  the  pnmp  from 
any  prime  mover,  A  is  the  discharge  pipe,  wliich  may  be  carried 
upwards  to  the  required  elevation.  The  suction  pipe  B  may, 
if  desired,  be  run  any  moderate  length  horizontally,  and  the  pomp 
may  be  placed  15  to  20  feet  vertically  above  the  water  to  be  raised. 
A.  foot  valve  is  placed  at  the  bottom  of  the  snctlon  pipe. 

The  action  uf  the  pump  may  shortly  be  stated  to  be  as  follows  ; — 
The  pump  caae  and  pipes  being  filled  with  water,  the  wheel  or  disc 
is  caused  to  rotate,  and  by  the  centrifugsl  motion  thas  given  to  the 
water  contained  in  the  disc,  it  is  driven  out  into  the  case  or  receiver 
of  the  pump.  The  partial  vacnum  thus  formed  in  the  disc  is  filled 
by  the  water  forced  up  the  suction  pipe  by  the  preaHiire  of  the 
atmosphere ;  in  entering  the  disc  centrifagal  motion  is  com- 
nmnicated  to  the  water  by  the  revolving  disc,  and  thus  a  continnous 
stream  is  received  into  and  discharged  from  the  pump.  To  prevent 
the  water  from  rotatiug  in  the  case,  and  to  give  it  a  direction  npwards 
to  the  discharge  pipe,  a  st«p  or  plate  is  placed  at  the  base  of  the  dis- 
charge pipe,  reaching  to  the  joint  between  the  piston  and  the  case. 

In  addition  to  the  foregoing  there  are  the  pumps  known  as 
chain  pumps,  consisting  of  an  endless  chain  having  buckets  or  dishes 
attached  at  short  intervals.  These  pumps  are,  however,  hardly 
snitable  for  the  raising  of  water  for  domestic  use  in  dwellings. 
They  may  be  advantageously  nsed  where  tbcro  is  sand  or  other 
impeding  matter  in  the  water,  and  I  here  refer  to  them  that  I 
may  be  guilty  of  no  omission.  The  same  remark  applies  also 
to  various  other  machines  which  are  occasionally  need  for  the  raising 
of  water  in  difl'erent  conditions,  some  of  tiicm  being  of  ancient  origin, 
snch  as  the  old  noria— which  is  not  unlike  the  modern  chain  pnmp — 
or  the  screw  or  spiral  pump,  which  may  be  nsed  for  special  purposes. 
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LXVII. — ^Undbroeound  Tanks  for  the  Storage  op  Water.  The 
storage  of  water  in  reservoirs  or  underground  tanks  for  the  supply 
of  private  dwellings  is  an  object  requiring  much  care  and  attention 
in  details.  K  it  is  determined  to  collect  surface  waters  it  will 
be  necessary  to  have  proper  and  ample  storage  room  to  meet 
any  droughts  that  may  occur.  A  provision  for  the  consumption 
of  120  days  may  be  taken  as  a  safe  one,  even  in  the  driest  parts  of 
England. 

The  cost  of  making  underground  tanks,  which  most  be  per- 
fectly water-tight,  so  as  not  only  to  prevent  the  escape  of  that 
which  is  stored,  but  also  to  preserve  the  stored  water  from  the  influx 
of  polluting  "  ground  water,**  will  vary  extremely. 

In  certain  situations  whore  the  subsoil  is  of  sach  a  character  as  to 
allow  of  the  space  which  the  tanks  are  to  occupy  being  cut  out 
of  the  ground  iir  the  precise  shape  and  size  the  proposed  tanks 
are  to  be  made — and  this  can  be  done  in  the  chalk,  and  the 
new  red  sandstone  formations  with  remarkable  exactitude — it  has 
been  found  necessary  only  to  face  the  surfaces  of  the  excavation  with 
a  rendering  of  cement  to  make  them  water-tight,  and  then  to  cover 
them  with  a  roof  of  brickwork  springing  from  shoulilers  of  concrete 
or  resting  on  iron  girders.  These  have  been  coiistructod  under 
&vorable  circumstances  at  the  low  cost  of  from  30/-  to  40/-  per 
thousand  gallons. 

The  increasing  experience  which  we  are  now  gaining  in  the  use  of 
concrete,  facilitiitcs  the  construction  of  tanks  in  soils  not  naturally  so 
&vorable  as  those  which  I  have  just  referred  to,  at  a  cost  much  less 
than  formerly,  if  proper  care  is  taken  in  the  selection  and  mixing  of 
the  ingredients,  and  in  the  washing  out  of  any  earthy  matter. 
Portland  cement  is  found  to  be  better  than  the  best  lime,  though 
concrete,  consisting  of  one  part  of  blue  lias  lime,  and  six  pai-ts  of  gravel 
and  sand — or  of  the  proportions  which  are  favored  inFninco,  consisting 
of  two  parts  of  broken  stone  to  one  of  mortar,  the  latter  being  com- 
posed of  three  parts  of  lime  to  five  of  sand, — with  an  inside  rendering 
of  Portland  cement  and  sand  in  equal  proportions,  will  form  a  tank 
of  unexceptional  character.  The  thickness  of  concrete  will  depend 
upon  the  soil  in  wliich  the  tank  is  constructed.  If  it  be  of  a  slipping 
character  the  thickness  must  be  increased. 

In  some  cases  it  will  be  found  desirable,  instead  of  "rendering" 
the  inside  with  cement  only,  to  line  the  concrete  with  4|-inch  brick- 
work, laid  in  cement  and  well  grouted  with  a  coat  of  the  same 
material  between  the  brickwork  and  the  concrete. 
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Where  the  tanks  are  of  large  dimensioaB,  it  will  be  neceaBftry  to 
support  the  roof  with  brick  piers  and  battreases,  and  construct  the 
roofs  of  brick  or  conoreta,  (See  Ihawtng  YII.)  The  cost  of  these 
tanks  will  vary  from  £5  to  £7  per  1,000  galloaa.  A  tank  16  feet  by 
32^  feet,  and  8  feet  deep,  will  hold  more  than  sufficient  to  supply 
five  persons  with  15  gallons  of  water  for  120  days,  after  allowing 
for  evaporation  ;  while  a  tank  16  ftet  sijuare,  and  12  feet  deep  will 
hold  more  than  enfficient  to  supply  10  perKona  with  15  gallons  for 
120  days.  In  the  one  case  the  storage  spaoe  will  be  !),600  gallons, 
and  in  the  other  19,200 

Dramnij  VII.  shows  underground  tanks  suitable  for  dwellings 
and  institutions  of  largo  oharacter.  It  may  be  useful  to  remember 
that  a  rectangular  space  16  feet  by  10  feet  holds  1,000  gallons  in 
every  foot  of  depth,  and  that  a  circular  one  14^  in  diameter  holds 
about  the  same  number  of  gallons. 

LXVIII. — CiSTKRNS  FOR  SERVICE  Of  WaTEE  WITHIK  THE  DWELLIBO. 

It  is  very  unsatisfactory  to  be  obb'ged  to  acknowledge  that  after 
obtaining  water  of  a  potable  charact-er  from  river,  spring,  or  well, 
or  after  conserving  it  in  tanka,  it  may  lose  its  good  qualities  in  the 
service- eia tern  into  which  it  m»y  be  raised  for  honaehold  anpply ; 
but  this  is  found  to  be  the  case  in  very  many  instances. 

We  have  now  been  led  by  cjhemical  aniilysia  to  look  upon  water 
OB  perhaps  the  moat  dangerous  snbatance  npon  wliich  human  beings 
have  to  depend  for  life  and  liealth;  and,  at  the  same  time,  to  admit 
that  although  we  may  obtain  what  is  pure  at  its  original  source, 
and  convey  it  in  that  coaditinn  to  the  dwelling,  it  may  soon  become 
defiled  by  the  vapours,  gaaea,  and  dost  which  pervade  the  atmosphere 
Burronndiiig  ciaterns,  or  by  the  filthy  condition  of  the  cisterns 
themselves,  or  by  ihe  injurions  character  of  the  pipes  by  which 
the  wat«r  is  distribnted  for  use.  There  is  ao  doabt  whatever 
that  water  is  often  most  iajuriotisly  affected  by  foul  cisterns  and 
foni  pipes.  Nevertheless,  there  are  but  few  exceptions  ia  which 
isolated  dwellings,  beyond  the  roach  of  a  public  supply,  can  exist 
without  cisterns,  while  there  are  many  iu  which  the  diagnsttug 
practice  of  placing  them  in  or  near  attics  which  are  used  as 
sleeping  apartments  prevails.  In  fact,  in  many  of  the  largest 
honees  in  the  country  this  condition  of  things  will  be  found  to  be 
the  cose. 

The  beat  of  all  ciatenia  are  those  made  of  elate,  enamelled  inside, 
and  those  that  are  constructed  of  wrought  iron,  properly  painted. 
Lead   and  zinc    for    the    linings    of    cisterns    are    both    decidedly 
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objectionable,  though  I  believe  that  lead  is  often  condemned  when 
the  evil  complained  of  is  dae  rather  to  the  effect  of  certain  impure 
waters  npon  lead  than  to  any  general  effect  of  lead  upon  pure 
water.  It  appears  to  me  exceedingly  doubtful  whether  pure  water 
really  has  the  effect — so  often  imputed  to  it — of  quickly  oxidizing 
lead. 

Where  the  whole  of  the  water  is  raised  to  one  service-cistern  in 
the  upper  part  of  the  dwelling,  special  arrangements  should  be  made 
for  the  supply  of  water-closets  and  sculleries  by  separate  subordinate 
cisterns,  with  ball-cock  arrangements,  so  that  the  water  required  in 
either  a  water-closet  or  a  scullery  may  be  drawn  without  any  direct 
communication  with  the  main  service-cistern.  To  remove  defile- 
ments such  as  I  have  spoken  of,  a  filter  should  be  connected  with 
all  service-cisterns,  through  which  the  whole  supply  of  the  dwelling 
should  pass  as  required  for  use,  and  every  cistern  should  be  closely 
covered.  For  remarks  on  regulating  and  waste-not  appliances  see 
Section  LX.,  and  for  taps  and  cocks  see  Section  LXXXVIII. 

LXIX. — Domestic  Filtkation.  In  any  arrangement  for  the 
supply  of  water  to  dwellings  domestic  filtration  should  be  included, 
although  the  Rivers  Pollution  Commissioners  have  stated — ^and  in 
their  statement  I  concur — that,  as  it  is  usually  practised,  it  is  of 
little  or  no  use.  Thny  state,  however,  that  if  domestic  filtration  is 
properly  performed  it  is  much  more  efficient  in  purifying  water 
polluted  by  organic  matters  than  that  practised  on  a  large  scale  by 
the  water  companies  —usually  through  sand — and  I  would  add  that 
where  the  boiling  of  water  is  resorted  to  as  a  means  of  securing  in- 
creased purification,  tlie  deadcnf/d  charficter  of  the  water  resulting  from 
boiling  may  be  overcome  by  subsequent  filtration  tlirough  aerated 
material.  !My  own  experience  has  enabled  me  already  to  place  before 
you  some  evidence  (see  Section  XXXV.)  that  rain-water  collected 
from  clean  surfaces  is  in  itself  so  free  from  pollution  that  it  requires 
filtration  only  lo  ])r(>tect  the  consumer  against  the  accidental 
defilements  of  smoke,  soot,  and  those  minor  organic  impurities 
which  occasionally  collect  on  roofs. 

As  already  stateil,  all  filtration  in  which  the  filtering  material  is 
placed  constantly  under  water  produces  but  an  imperfect  effect,  and 
this  is  frequently  the  case  in  the  filters  now  in  use.  To  secure  the 
best  results  the  filtering  material  should  be  intermittently  aerated. 
With  this  view  I  have  contrived,  and  have  adopted  in  combination, 
the  two  filters  described  in  Section  XXXV.  The  first  being  placed 
under  water ^  gives  out  its  effluent  but  little  more  than  clarified. 


THE   DWELLING.  149 

hamlet  are  only  congregations  of  dwellings,  the  '^  dwelling  *' — wbicli 
is  "the  unit  of  sanitary  administration  " — has  been  held  sacred  and 
free  from  the  intrusion  of  the  official  sanitarian.  Nevertheless,  every 
dwelling,  from  the  palace  to  the  cabin,  will,  sooner  or  later,  be 
subject,  in  some  form  or  other,  to  the  same  inflaences,  and  their 
owners  will  be  held  to  be  legally  responsible  for  the  perfecting  of 
those  internal  arrangements  by  which  the  pure  air  and  pure  water 
placed  at  their  command  may  be  turned  to  proper  account.  The 
tenants  in  their  turn  will  be  prevented  from  abusing  those  arrange- 
ments  by  inattention  to  proper  maintenance.  It  remains  to  be 
seen  whether  the  architect  or  builder  will  be  considered  responsible 
to  his  employer  for  the  internal  sanitary  ari*angemcnts  of  the 
dwelling  he  designs  or  erects.  Each  dwelling  will,  I  hope,  be  let  with 
a  certificate  of  its  healthfulness,  which  the  occupier  will  be  obliged  to 
respect  by  upholding  its  sanitary  arrangements  in  the  same  con- 
dition in  which  he  found  them.  Some  objection  and  resistance  will 
doubtless  be  raised  by  house-owners  and  speculating  builders  to  such 
obligations,  and  the  change  I  anticipate  may  not  be  immediate,  but 
some  change  from  the  present  state  of  things  is  so  manifestly 
necessary  tlmt  their  resistance  cannot  long  prevail.  At  present  a 
very  large  proportion  of  the  newly-built  houses  wliich  are  constantly 
springing  up  all  over  the  country  are  without  the  proper  sanitary 
appliances.  Such  as  exist  are  quickly  subject  to  derangemei\t  by 
their  inferiority  of  material  and  construction,  and  it  is  impossible 
that  any  other  conditions  can  prevail  whilst  so  many  Sanitary 
Authorities  remain  ignorant  of  their  responsibilities,  and  their 
officers  are  incompetent  to  exercise  the  necessary  control.  At 
present  many  members  of  Local  Boards  consider  that  they  best 
perform  their  duties  to  their  constituents  by  doing  nothing,  and 
by  delegating  the  important  duties  of  Local  Surveyor  and  Inspector 
of  Nuisances  to  any  tradesmen  or  neighbours  who  can  bring  local 
interest  to  bear  on  their  appointments,  without  any  reference  to 
their  ability  to  perform  their  duties.  When  local  authorities 
become  fully  sensible  of  the  necessity  for  increased  vigilance, 
then — and  not  till  then — will  a  different  class  of  men  occupy  the 
offices  of  Surveyor  and  Inspector  of  Nuisances ;  and  it  is  much  to 
be  regretted  that  there  does  not  already  exist  a  Court  of  Examiners 
where  applicants  for  these  important  posts  could  undergo  examina- 
tion, and,  if  properly  qualified,  obtain  diplomas  of  efficiency.  Until 
this  is  done  it  is  indeed  difficult  to  say  who  are  fit  to  investigate  the 
sanitary  condition  of  dwellings  and  furnish  certificates  of  health- 
fulness,  although  no  one  who  gives  his  attention  to  the  subject  will 


The  following  form  an  epitome  ol*  the  principal  objects  to  be  aimed 
at  in  every  dwelling  to  aecure  a  good  sanitarj-  condition : — 

1. — No  cesspool,  for  the  collection  or  detention  of  pntrefying 
liquid  refuse,  shonld  exist  within  or  under  any  dwelling  under  any 
pretext  whatever, 

2. — No  sewer  should  pass  under  any  dwelling,  if  it  can  be 
poaaibly  avoided. 

3. — All  soilpipes  of  water-closets  slionld  be  thoroughly  ventilated, 
as  should  also  any  pipe  or  spnco  connecting  the  closet  with  the  Boil 
pipe,  so  that  there  may  be  no  collection  of  sewage  air  under  the  pan 
or  valve  of  the  closet  itself. 

i. — All  pipes  from  sinks  aud  internal  receptacles  of  slops  Hhoutd 
bo  disconnected  from  the  sewer,  and  should  discharge  through  the 
outer  walls  of  the  dwelling  on  to  n  trapped  gully  with  grated 
covering. 

5. — All  solid  refuse  collected  in  or  near  the  dwelling,  should  be 
removed  at  short  intervals  of  time. 

6. — The  private  sewer  connecting  the  dwelling  with  the  common 
(public)  sewer,  or  with  any  "cesspool  or  other  like  receptacle,"  as 
well  as  all  traps  and  gullies,  should  be  thoroughly  water-tight  to 
protect  the  ground  from  pollution. 

7--:-All  private  sewers  should  be  kept  clear  of  deposit  by 
flushing,  and  kitchen  grease  should  be  intercepted  before  it  can  enter 
the  sewers. 

8.— The  ground  under  and  surrounding  the  dwelling  should  he 
drained,  so  that  there  shall  be  no  subsoil  water  within  three  feet  of 
the  foundations. 

9. — All  rooms  and  cellars  in  basements  should  be  protected  from 
the  evils  of  uprising  dampness  by  a  layer  of  concrete  uncler  the 
floors,  by  damp  courses  in  the  walls,  and  by  areas  between  the 
walls  and  the  ooter  ground. 

10. — No  water  that  will  not  answer  to  the  "attainable  standard 
of  purity"  should  be  used  for  domestic  purposes,  and  where  possible 
water  should  be  supplied  direct  from  its  source,  or  from  a  public 
main,  without  the  use  of  any  cisterns  at  all. 

H. — No  water  should  be  stored  in  a  cistern  within  the  dwelling, 
unless  it  is  satisfactorily  Gltered  after  it  leaves  the  cistern. 
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12. — No  water  used  for  either  drinMng  or  cooking  shoald  be 
obtained  from  the  same  cistom  as  that  from  wbicb  water  is  direotlj 

drawn  for  water-closets  and  sinks. 


POSrSOBIPr.—CoDKTEi  Hocses.  While  reTising  these  LectoMB 
tor  the  press,  the  present  nnaatisfaotory  condition  of  dwellings 
generally — both  mral  and  urban — has  recurred  to  my  mind  with 
increased  force.  Mylongconnectionwith  agriculture  has  taken  me  tctj 
frequently  into  the  honses  occupied  by  the  owners  of  landed  estatea 
in  all  parts  of  the  country  ;  and,  not  unfrequentlj,  the  object  of  my 
Yiflit  has  been  the  provision  of  better  dwellings  for  the  labonrere 
omplt^ed  on  their  estates,  although  the  sanitary  condition  of  the 
cottages  it  was  intended  to  improve  baa  been  superior  to  the  dwellinga 
of  the  owners  themseives.  The  observations  1  have  been  enabled  to 
make,  lead  me  to  the  conclusion  that  there  is  no  olass  of  dwellings 
which  more  positively  demands  sanitary  re -organization  than  that 
whiob  oomprises  the  mansions  of  our  country  gentry,  while  I  believe 
that  there  is  no  claea  of  society  that  will  less  readily  acknowledge 
the  fact  than  that  which  occupies  them. 

Still  I  venture  to  state  that  it  is  only  necessary  that  those  who  do 
so  occupy  them  shoald  examine  for  themHelves, — (1)  the  state  of  the 
domestic  offices,  and  the  attics  serving  as  dormitories, — (2)  the 
condition  of  the  wells,  tanks,  and  cisterns  from  which  the  water 
used  for  drinking  and  household  purposes  is  daily  drawn, — (3),  the 
way  in  which  gasee,  more  or  less  deleterious,  find  access  by  nnveuti. 
Ikted  soil  pipes  and  sink  pipes  from  sewers  and  cesspits,  into  the  rooms 
find  passages  frequented  by  themselves  as  well  as  their  servante;  and, 
further,  that  they  should  know  the  condition  of  the  ground  Gnrronnd- 
ing  their  dwellings,  which  is  often  kept  saturated  with  sewage  finm 
leaky  sewers  mixed  with  roof  waters,  carried  by  down  pipes  into 
those  sewers,  to  satisfy  them  tliat  there  exists  a  very  different  state 
of  things  firom  that  whiob  they  have  been  led  to  believe  is  the  case.  Up 
to  this  time  the  warnings  of  medical  authorities  have  hardly  reached 
them,  or  those  warnings  have  been  evaded  nnder  the  impression  that 
the  country  bouse,  being  surrounded  by  a  pure  atmosphere,  is  proof 
against  air  pollution,  and  that,  because  they  are  isolated,  the  water 
drawn  from  shallow  wells,  sunk  in  close  proximity  to  their  dwellings, 
must  necessarily  be  as  puce  aa  the  air. 

Snrely  there  can  be  no  greater  mistake  than  this  sasumption,  In 
the  basements  of  many  of  the  largest  country  mansions  occupied  by 
the  most  wealthy  of  our  landowners,  cesspools  and  sewers  exist 
iu  number  sufficient  to  render   the   superinoambent  atmosphere 
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extremely  nnwholeHome.  In  a  majority  of  inetancea  it  wil)  be 
Found  that  the  water  used  for  drinking,  coolang,  and  washing,  wUl 
be  obtained  from  wella  in  tbe  ueighbonrbood  of  putrefying  matter 
collected  in  cesspita  and  ont-officea,  or  within  reach  of  polluting 
liquid  escaping  from  acwers  and  drains.  Failing  defilement  before 
it  is  delivered  into  the  dwelling,  the  wut«r  naed  will  still  be  fonud 
to  be  more  or  lesa  defiled  by  tbe  fonl  condition  of  tbe  eerviee- 
cistems  within  the  dwelUng,  which,  perhaps,  bave  not  been  emptied 
nor  cleansed  for  years,  and  which  may,  tberefore,  contain  matter  of 
a  pemicioua  character. 

Under  any  circumatances  it  will  generally  be  fonnd  that  there  ia 
an  absence  of  proper  filtration  of  water  used  for  domestic  pnrpoaea, 
and  that  the  water  closets  and  the  kitchen  boiler  are  directly  aopplied 
with  wat«r  fi-om  the  same  cistern,  and  that,  from  a  want  of  proper 
ventilation  of  soil  pipea  and  closeta — particularly  where  tbe  latter 
exist  In  connection  with  sleeping  apartments — the  internal  atmos- 
phere of  a  country  honse  may  be  rendered  even  more  nnwholeeome 
than  a  town  honse,  owing  to  the  fact  that  in  large  conntry  bouses 
the  principal  bedrooms  are  only  occasionally  occupied,  when  the 
detention  of  putrefying  matter  in  the  traps  of  eoil  pipes  increasea 
the  prebabllitj  of  sewer  malaria. 

No  conntry  honse  aboald  be  without  a  plan  of  ita  sewers,  drains, 
and  water  pipes,  conspicnonsly  placed  for  the  observation  of  seiT^nts, 
aa  well  as  superiors,  and  no  pains  should  be  spared  to  make  every 
one  nnderatand  that  the  sewers  and  sanitary  appliances  of  a  coontiy 
dwelling  require  just  as  much  care  and  attention  as  tbe  public  sowers 
of  a  large  town.  Farther,  it  is  most  desirable  to  leave  as  little  as 
possible  to  rectify  by  the  village  plumber,  the  only  way  of 
redocing  his  work  to  a  minimnm  being  simplicity  of  arrangement 
and  accuracy  of  eieontion  in  the  first  instance,  with  a  perfect  record 
of  pipes,  &c.,  for  sfter  reference.  In  the  absence  of  such  a  record 
aa  much  money  is  expended  in  asccrteining  the  cause  and  position 
of  anything  wrong,  as  there  ia  in  putting  it  right  when  tbe  defect  is 
ascertained. 


DIVISION  IV. 


THE  TOWN  AND  THE  VILLAGE. 

LXXI. — General  Observations  on  the  Duties  of  the  Engineer 
IN  relation  to  the  Sewerage  of  Towns  and  Villages.  The  object  of 
the  sanitary  engineer  in  his  treatment  of  a  town  or  village  being  the 
attainment  of  pnro  air  and  pnre  water  for  its  inhabitants,  he  cannot 
confine  his  attention  to  the  inhabited  or  covered  portion  of  the 
district,  but  he  must  have  regard  to  as  much  of  the  surrounding 
country  as  may  have  a  direct  or  indirect  influence  upon  his  duties. 

By  the  surrounding  country,  I  mean  that  area  which  by  the 
configuration  of  its  surface,  or  by  the  nature  of  its  subsoil, 
may  rule  the  character  and  affect  the  cost  of  his  works.  The  area 
which  will  have  this  direct  or  indirect  influence  will  bo  limited 
to  the  basin  or  district  which  either  physically  or  geologically  will 
contribute  surface  and  subsoil  water ;  the  first  being  that  thrown 
off  the  surface  tributary  to  the  river,  streams,  or  watercourses 
which  form  the  natural  drains  of  the  district,  and  the  second  being 
dependent  upon  the  character  of  the  subsoil,  and  the  dip  or  inclina- 
tion of  the  underlying  strata. 

Every  undulation  within  the  area  contributing  surface  waters  has 
an  influence  on  the  position  and  size  of  the  required  sewers,  and 
helps  to  determine  the  extent  to  which  surface  waters  shall  be  ad- 
mitted into  the  general  system ;  while  the  geological  features  of  the 
district,  the  depth  of  the  underground  water,  and  the  nature  of 
existing  springs,  enable  the  engineer  to  foretell  the  effect  of  an  im- 
perfect construction  of  sewers,  against  which  it  is  his  duty  to  pro- 
vide, knowing,  as  every  practised  man  does,  that  to  secure  a 
perfectly  water-tight  condition  of  sewers  is  a  work  of  extreme 
difficulty. 

In  his  preliminary  investigation  the  engineer  will  necessarily 
ascertain,  too,  the  character  of  the  trades  existing  in  the  district  with 
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whicli  ho  has  to  deal,  and  the  occupation  of  ita  popnhition  generally, 
as  both  these  considerations  affect  the  character  of  the  refuse. 

He  will  also  examino  carefully  the  iiatore  of  tbo  material  of 
which  the  streets  and  roads  are  made,  the  detritus  fi-om  which  will 
form  an  important  item  when  deciding  to  what  extent  the  surface 
waters  shall  he  permitted  to  mix  with  the  liquid  sewage. 

He  will  further  hai-e  special  regard  to  the  ultimate  deBtination 
of  the  sewage  —  whether  it  be  directly  into  the  sea,  into  tidal 
water,  or  into  an  inland  river — for  upon  this  point  will  depend  the 
means  by  which  the  sewage  will  be  cleansed  before  it  is  discharged. 

LXXII. — Sdefacg  Watehs,  and  tbeik  Abhission  into,  or  Excm- 
BiON  rfiOU,  Sewers.  To  ascertain  the  amount  of  surface  water  \o  bo 
admitted  into  the  sowers,  or  to  bo  dischai'ged  by  separate  surface 
drains,  it  is  necessary  to  have  regard  to  the  rainfall  of  the  district, 
and  the  maximum  downfalls  to  which  it  is  subject.  The  great  dif- 
ference in  annual  rainfall  which  prevails  in  one  part  of  England 
as  compared  with  another  haa  been  ab-eady  pointed  out  (see  Sec- 
tion X.X.),  and  it  may  be  taken  for  granted  that  the  amount  and 
frequency  of  heavy  rains  vary  somewhat  iu  the  same  proportion, — 
the  large  downfalls  of  the  west,  for  instance,  being  as  much  gi'eater 
and  aa  much  more  frequent  than  those  of  the  east,  as  the  annual 
rainfall  of  the  west  exceeds  that  of  the  east.  In  many  districts  of 
the  north,  as  well  as  of  the  west,  where  the  older  geological  for- 
mations exist,  the  inclination  of  the  surface  is  precipitous,  the  soil  is 
non-absorbent,  and  the  heavier  rainfalls  are  freqnent,  With  such 
coincident  features  the  i-aiu  is  thrown  off  the  surface  in  excessive 
amonnts,  and  with  gruat  rapidity.  On  the  eaatem  side  of  the  country 
where  wide  areas  of  sand,  chalk,  and  oolite  ontcrop,  the  reverse  con- 
ditions prevail ;  the  surface  inclinations  are  moderate,  the  soil  for 
mnch  the  greater  partis  absorbent,  and  excessive  rainfalls  are  of  com- 
paratively rai-e  occurrence.  In  the  first  case  it  may  be  laid  down  as  a 
rule  that  the  surface  waters  ahonSd  bo  excluded  from  the  sewers  to  a 
Tery  considerable  extent,  while  in  the  second  a  sensible  portion  may 
be  admitted  with  advantage.  If  a  proper  regard  is  paid  to  economy 
in  sewerage  works,  in  no  case  will  it  bo  found  advisable  to  exclude 
from  the  sowers  the  whole  of  the  surface  waters. 

It  13  in  fact  with  considerable  difficulty  that  the  engineer  arrives 
at  the  amount  of  surface  water  for  which  he  must  provide  in  one 
way  or  another,  by  admission  into  the  sewers  or  by  discharge 
through  surface  drains. 

The  plan  adopted  by  Sir  Joseph  Bazalgettc  when  providing  for  the 
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rainfall  of  the  metropolis,  is  suggostive  of  the  (dad  of  investigation 
which  ehouid  bo  made  in  every  case.  Ke  ascertained  by  careful  in- 
qniry  and  examination  of  records  that,  on  &a  average  of  jeara,  rain 
fell  in  London  for  abont  155  days  per  annum,  and  that  of  these  there 
were  only  abont  25  upon  which  the  quantity  amounted  to  a  quartop 
of  au  inch  in  depth,  and  of  Buch  raJnfalia  he  discovered  that  a  large 
proportion  was  evaporated  and  absorbed,  and  cither  did  not  pass 
through  tho  Gowcrs  at  all,  or  did  not  reach  them  until  after  the 
rain  had  ceased.  A  commission,  consisting  of  Mr.  Bidder,  Mr. 
Hawkaloy,  and  Sir  Joseph  Bazalgette,  conjointly  investigated  this 
point,  and  the  concluaion  ultimately  come  to  was  that  the  rainfall 
shonld  be  admitted,  and  that  a  quantity  equal  to  one  Lundredth. 
part  of  an  inch  in  an  hour,  or  a  quarter  of  nn  inch  in  twenty-four 
hours,  was  all  that  need  be  provided  for; — and  a  quarter  of  an  inch 
of  surface  waters  in  Twenty-foar  Lours  represented  tho  provision 
which  was  made. 

I  am  not  laying  it  down  aa  a  rulo  that  the  engineer  in  every  oasa 
is  bound  to  collect  the  same  details  which  governed  the  works  of  the 
metropolitan  sewerage ;  but  I  desire  it  to  be  understood  that  he  should 
in  no  case  omit  such  an  investigation  altogether.  In  tho  metropolis 
all  ezccBs  of  rainfall  collected  by  subordinate  sewers  beyond  the 
qnantity  provided  for  in  the  main  sewers  passes  avfay  into  the  River 
Thames  by  storm  overflows,  constructed  at  the  junctions  of  the 
intercepting  sewers  with  the  cross  valley  lines  of  sewers.  This  U 
justified  by  tho  fact  that  the  river  is  tidal,  and  that  tho  iuflns  of 
storm  water  on  occasions  of  heavy  raiiifalla  cannot  materially  afiect 
the  quality  of  its  wat«r. 

By  reference  to  tho  amount  of  monthly  and  annual  rainfall  (see 
Section  XX.),  to  which  I  have  just  referred,  the  iliffei-onee  between 
the  rainlall  of  London  and  of  other  parts  of  the  country  will  be  seen, 
and  tho  extreme  difficulty  of  dealing  with  any  fixed  proportion,  such 
aa  that  admitted  by  Sir  Joseph  Bazalgette  into  the  metropolitan 
aewers,  will  bo  recognised.  If,  in  fact,  wo  were  not  to  treat  very 
differently  the  inland  towns  of  the  west  and  north  of  England  to 
those  of  the  east  and  south,  we  shonld  find  the  quantity  of  diluted 
sewage  so  formidable  as  to  forbid  the  esecution  of  any  system  of 
sewerage  and  sewage  disposal  aiming  at  tho  effectual  prevention 
of  river  pollution. .  With  towns  already  aewered,  without  reference 
to  tho  cleansing  of  their  sewage,  this  same  difficulty  arises. 

If  we  recogniae,  as  we  certainly  ought,  a  difference  between 
towns  situated  in  districts  of  rapid  inolinationa,  impervious  surfaces, 
and  heavy  rainfalls,  and  those  where  the  rovcree  conditions  prevail, 
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it  will  he  considered  advisatie  to  admit  into  tlic  sewers  of  the  formei 
only  snch  rain  as  falls  on  the  back  portions  of  tlie  roofs  of  dweliinffS 
— on  impervious  surfaces  so  sitnated  that  it  would  bo  difficult  to 
connect  them  with  any  systeni  of  surface  drainage — and  on  those 
streets,  conrts,  &c,,  which  from  their  situation  collect  refuse  almost 
as  foul  as  sewage  itself.  In  the  latter  class  of  towns,  i.e.,  those  with 
Sat  iDclinations,  porous  surfaces,  and  smaller  rainfalls,  it  is  better 
not  only  to  admit  the  rain  falling  on  the  back  portions  of  roofs, 
back  yards,  &x.,  but  such  an  additional  quantity  as  may  be  advan- 
tageously turned  to  aacouut  for  flushing  the  sewers  without  in- 
creasing the  cost  of  the  necessary  works. 

I  need  hardly  repeat  more  emphatically  than  I  have  already  done, 
that  the  mode  of  disposing  of  the  sewage  most  have  a  predominant 
inflnence  in  ruling  the  admission  or  exclusion  of  surface  waters.  If 
the  interception  and  discharge  of  the  sewage  can  be  effected  by 
gravitation,  the  objection  to  the  admission  of  surface  waters  is  to 
some  extent  redaced ;  whereas,  if  the  whole  of  the  contents  of  the 
sewers  has  to  bo  lifled  in  order  to  be  freed  of  its  noJtious  matter 
before  discharge  into  the  rivers,  any  increase  of  quantity  by  the 
addition  of  storm  waters  becomes  a  matter  of  considerable  mo- 
ment. So  with  regard  to  the  cleansing  of  the  sewage;  it  will 
be  readily  understood  that  the  occasional  dilation  of  the  "  sewage- 
proper  "  by  snrface  waters,  amounting  to  four  or  five  times  its 
quantity,  would  defeat  both  an  economical  treatment  and  an 
effective  cleansing  of  the  sewage.  This  will  be  obvious  when  wo 
call  to  mind  that  with  a  town  of  20,000  inhabitants,  consuming  and 
converting  laUi  sewage  25  gallons  of  water  per  head,  per  diem,  the 
quantity  of  sewage-proper  will  be  only  500,000  gallons,  of  which  the 
maximum  ontllow  for  six  hours  in  the  day  may  be  equal  to  one-half 
the  day's  discharge,  or  69-i  gallons  a  minute,  while  if  only  a  quarter  of 
an  inch  of  rain  be  mn  off  a  contributing  area  of,  say,  500  acres  in  21 
hoars,  the  quantity  of  snrface  water  would  be  equal  to  l,9t)3  gallons 
per  minnte  (or  2,827,500  gallons  per  diem),  which  is  nearly  three 
times  the  maximum  onfBow  of  the  sewage- pro  per.  And  if  instead 
of  a  qnai-ter  of  an  inch,  the  proportion  to  be  admitted  was  half  aa 
inch,  the  maximum  outflow  would  reach  six  times  the  maximum 
ontflow  of  the  sewage-proper. 

The  cost  of  constructing  an  outfall  sewer  to  meet  this  require, 
roent  would  be  of  itself  an  item  of  considerable  importance;  but  it 
would  be  small  compared  with  the  cost  of  pumping  in  wet  weather, 
or  with  the  increased  cost  of  dealing  with  such  diluted  sewage  after 
it  had  been  raised, — to  say  nothing  of  the  cost  of  rectifying  the  injury 
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done  to  sewerage  systems  when  these  large  influxes  put  the  sewers 
nnder  pressure  and  drive  the  jointing — particularly  clay  jointing^ — 
out  of  the  pipe  sockets.     These  are  circumstances  weighty  enough 
of  themselves  to  influence  the  engineer  when  deciding  the  extent  to 
which  surface  water  shall  be  admitted  into  sewers,  though  when 
the  outfall  sewers  are  either  tide-locked,  or  are  used  as  reservoirs 
for  the  collection  of  sewage  during  the  night,  and  at  times  when  it 
is  desired  to  cease  from  pumping,  he  will  recognise  more  cogent 
reasons  still  for  exclusion,  inasmuch  as  the  diluted  sewage  crowding 
into  these  reservoirs  rises  from  the  main  into  the  minor  sewers  on 
occasions  of  heavy  rainfall,  and  from  them  flnds  its  way  to  the  foun- 
dations and  cellars  of  low-lying  dwellings.     When  this  is  the  case 
the  internal  pressure  of  the  sewage  becomes  so  great  that  if  there  is 
any  flaw  in  the  construction  of  the  sewers,  or  if  they  are  jointed 
with  clay,  the  sewage  readily  escapes  into  the  surrounding  soil,  and 
causes  the  sanitary  evils  to  which  reference  has  been  already  made 
(see  Section  XLVI.)     It  will  be  obvious,  too,  that  as  the  surface 
waters  fill  these  sewers  and  reservoirs,  they  force  out  the  air  that  is 
in  them,  which  rises  and  finds  vent  by  every  shafl  and  trap  that 
will  allow  of  its  exit,  whether  it  be  into  streets  or  into  dwellings.     In 
many  of  our  more  fashionable  sea-bathing  towns  (see  Section  LXXX.) 
this  condition  prevails,  and  the  higher  parts  (where  the  better  houses 
are  built  to  secure  better  air)  are  subjected  to   the  uprising  of 
effluvia  from  the  lowest  sewers.     It  is  so,  1  believe,  at  Brighton,  and 
at  many  other  places,  where  people  congregate  for  healih,     I  refer 
to  this  condition  of  things  at  our  sea-bathing  places  because  there 
would  appear  to  be  no  excuse  for  its  existence  in  towns  which  are 
dependent  upon  visitors  in  search  of  fresh  air  for  the  means  by  which 
their  inhabitants  chiefly  subsist.     Leaky  sewers  to  pollute  the  soil 
and  cause  malaria,  and  impounding   sewers  to  generate  and  give 
out  deleterious  gases  should  in  these  cases  above  all  others  be  avoided 
instead  of  trusting  to  the  salutary  influences  of  the  sea  to  counteract 
such  evils ; — and  when  advancing  knowledge  has  convinced  all  per- 
sons alike  that  it  is  dangerous  to  adulterate  pure  air  with  foul,  the 
public  will  doubtless  make  the  selection  of  those  seaboard  towns 
which  are  free  from  such  drawbacks.     I  recognise  a  diflerence  be- 
tween reservoir-sewers   constructed   within   an  inland  town   with 
frequent  junctions  with  private  communicating  sewers  and  those 
forming  a  portion  of  outfall  sewers  without  the  district  having  no 
junctions  to  give  off  cflluvium  into  private  dwellings,  but  specially 
ventilated  in  themselves. 


Tahle  showing— (1)  tho  Depth  of  nainfoil  converted  into  Nambera  o( 
Tons,  Cubic  Feet,  aud  GsUone  per  Acre,  and  (3)  the  Qaaotity  per 
Minute  fof  which  Provision  mnst  be  made  in  the  Sewers  for  every  Acre 
contributing  its  Surfnce  Water  to  Buch  Seweri. 
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I    liavc    always  considered   that  the  mixture   of  sewage    with 

rainfall  which  now  indiscriminately  prevails,  is  wholly  d«e  to 
the  same  want  of  forethonghfc  which  failed  to  anticipate  the  effect 
of  tnming  onr  rivers  into  sewers,  and  which  followed  the  pass- 
ing of  the  Act  of  1848.  Still  tliero  are  some  engineers  of  emi- 
nence who  contjnnc  to  favoni-  the  admission  of  the  whole  of 
the  surface  waters  of  a  town  into  the  sewcra ;  and  the  principal 
ground  for  the  practice  is  the  opinion  given  by  Professor  Way 
(when  speaking  of  London),  to  the  effect  that  "  considering  only 
the  composition  of  the  liquid  which  reaches  the  sewers  in  times  of 
rain  from  the  streets,  it  seems  pretty  certain  that  it  would  he  as 
Tainoblo  in  a  mannrial  point  of  view  ns  tho  ordinary  contents  of  the 
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Bewers."  In  certain  crowded  districts  this  condition  doubtless  does 
oziBt,  and  it  will  be  only  properly  met  by  admitting  into  the 
sewers  the  surface  waters  so  defiled^taking  care,  however,  that  the 
remainder  which  is  not  polluted  in  the  same  way  shall  be  discharged 
by  independent  channels  into  the  river  or  stream,  which  forms  the 
natural  drain  or  outfall  of  the  locality. 

WTien  drawing  the  lino  of  demarcation  required  to  secure  the 
"  rain  to  the  river  and  the  sewage  to  the  land,'*  the  off-flow  from 
filthy  streets  of  thickly  populated  towns,  therefore,  must  be  treated 
differently  from  the  main  portion  of  the  rainfall.  The  argu- 
ment that,  because  the  off-flow  from  certain  streets  and  roads  is 
frequently  foul,  the  sowers  are  the  only  fit  place  for  the  whole  of 
the  surface  waters,  loses  much  of  its  force  when  it  is  remembered 
that  on  every  |occasion  of  an  excessive  downfall  of  rain  the  storm- 
overflows,  which  every  engineer  provides  as  safety  valves,  must  come 
into  requisition,  and  that  then  both  rain  and  sewage  find  their  way 
together  to  the  river. 

A  consideration  of, these  facts  has  led  me  in  every  case  to  make  a 
liberal  provision  in  the  sewers  for  surface  waters,  and  to  trust  to 
storm  overflows  in  sufficient  number  as  a  means  of  removing  any 
difficulty  that  may  arise  when  the  provision  fails  to  satisfy  an 
extraordinary  influx,  knowing  that  they  come  into  action  only  at 
those  times  when  the  swollen  condition  of  the  rivers  must  render  any 
increased  pollution  a  matter  of  comparatively  little  consequence. 
Some  of  the  plans  which  have  been  adopted  for  admitting  a  certain 
proportion  of  the  rainfall  only — i.e.,  the  first  or  foulest  portions  of 
heavy  downfalls,  and  the  whole  of  slight  showers — into  the  sewers, 
and  for  the  exclusion  of  the  remainder,  "will  be  dealt  with  under 
the  head  of  storm  overflows.  Section  LXXXV. 

LXXIII. — Road  Detritus,  and  its  Influence  upon  the  Disposal 
OP  Sewage.  The  question  what  shall  be  done  with  the  detritus  which 
is  washed  in  greater  or  less  quantity  from  all  roads  and  streets,  is  of 
great  importance  in  the  economy  of  sewage  disposal. 

In  some  districts  where  the  material  of  the  roads  is  easily  dis- 
integrated, it  becomes  an  object  of  the  very  first  consequence.  At 
Birmingham,  for  instance — which  you  will  remember  is  in  the 
heart  of  the  red  sandstone  district — the  quantity  of  road  detritus 
which  has  to  be  dealt  with  at  the  outfall  in  one  way  or  another 
amounts  to  a  very  considerable  quantity.  Mr.  Till,  the  borough 
surveyor,  says  :  "  Our  tanks  gave  us,  for  the  year  1875,  an  average 
of  3G0  cubic  yards  of  mud  per  diem.     We  use  about  fourteen  tono 
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of  lime  per  day ;  a  large  proportion  of  tbia  never  reacheB  tha  outlet 
tanks  at  nil,  but  haa  to  be  removed  from  tha  '  mixers'  and  earted 
away,  whilst  another  'proportion  passes  off  with  the  effluent.  My 
figures  include  the  limo  deposited  in  the  tanks.  I  beUeve  the  inter- 
cepted mud  contains  above  8(.l  per  cent,  of  water ;  the  road  detritns 
is  enormoosly  increased  by  rain  (in  dry  weather  we  get  hardly  any) 
Ton  are  aware  our  roads  are  moatly  macadamiBed."  This  average 
daily  quantity  of  collected  solid  matter  would  appear  by  this  to 
amount  to  about  70  cubic  yards  j — part  of  which  is  removed  and 
Bold  as  sand  as  it  is  raised  from  the  depositing  tanks,  while  the 
remainder  (the  sludge)  is  spread  when  in  a  semi-liquid  state  over 
the  surface  of  land  laid  out  and  enclosed  by  banks  in  the  form  of 
bods  to  receive  it,  When  nearly  dry  this  latter  portion  is  dag  into 
the  land,  and  being  perishable  ia  gradually  absorbed.  Bii'miagham 
ia  an  extraordinary  instance,  and  the  proportion  of  road  detritus 
discharged  by  its  sewers  can  hardly  be  exceeded,  and  probably  can- 
not bo  equalled  by  any  other  town  in  England,  but  the  figures 
quoted  will  be  useful  in  showing  the  advantage  of  excluding  road 
detritus  from  sewers. 

This  remark  will  equally  apply  when  the  sewage  is  applied  to 
laud  or  is  chemically  treated,  for  the  greater  the  quantity  of  detritus 
mixed  with   the  sewage,  the  greater  the  difficnlty  of  treating  it, 
I*  and  the  less  must  be  its  manurial  value. 

Road  detritus,  if  it  is  freed  from  pntreacible  matter,  and  from 
the  salts  of  sewage,  may  sometimes  be  turned  into  money  as  material 
for  mortar  or  for  foundry  sand,  or  as  ballast.  Builders,  however, 
generally  decline  to  nse  it  when  it  has  been  once  nuxed  with  sewage, 
because  it  ia  stated  the  salts  left  from  the  sewage  injuriously  affect 
the  mortar. 

The  difficulty  of  disposing  of  road  detritus  forms  a  sufficient 
reason  why  special  arrangements  should  he  made  by  catchpits  in 
connection  with  surface  drains  for  the  collection  of  this  material, 
which,  as  I  have  said,  is  valuable  of  itself,  but  which  becomes 
worse  than  valueless  when  it  finds  its  way  into  rivers  to  raise  their 
beds  and  so  impede  navigation  and  increase  floods.  This  last  con- 
sequence I  consider  of  very  great  moment.  I  cannot  hotter  support 
the  view  I  entertain  of  it  than  by  directing  your  attention  to  the 
large  amount  of  aohd  Bobatancos  which  is  being  discharged  from  the 
sewers  of  the  metropob's  at  Barking  and  Crossness,  and  which  must 
be  deposited  in  the  bed  of  the  lower  reaches  of  the  Thames. 

A  Commission  was  appointed  in  Prance  in  1874,  by  the  Minister 
of  Public  Works,  to  inquire  Into  the  beat  means  of  remedying  the 
pollution  of  the  Seine,  and  one  of  the  first  points  to  which  attention 
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was  giTen  was  the  effect  of  the  deposit  of  road  detritus  in  the  bed 
of  that  river.  Tlie  result  of  the  examination  was  the  discovery  of  a 
state  of  things  very  similar  to  that  which  must  inevitably  exist  in  the 
Thames,  though  tidal,  between  Woolwich  and  the  Nore.  The  Com- 
misssioners  state  in  their  reports  dated  the  12th  December,  1874 : 

**  Abordant  I'examen  des  remedes  k  apporter  k  la  eituation  pre- 
gente,  la  commission,  sous  reserve  des  precedes  plus  radicaux  qu'elle 
ezaminera  ci-dessous,  doit  insister  sur  Tabsoluc  necessity  de  con- 
tinner  les  vigoureux  draguages  qui  combattent  Tencombrement  de 
la  Seine  aux  embouchures  des  collecteurs  :  independamment  des 
questions  de  salubrity-  publique,  il  y  a  Ik  une  n^cessite  urgent e  au 
point  de  vue  dc  la  navigation.  On  a  vu,  dans  la  premiere  partie  du 
rapport,  que  les  collecteurs  versent  en  Seine,  par  an,  150,000  tonnes 
en  poids  de  matieres  solides,  soit  un  volume  vaseux  de  200,000  u 
300,000  metres  cubes.  Les  parties  les  plus  lourdes  f orment  les  bancs 
qui  emergent  p^riodiquement  et  quo  lo  service  de  la  navigation  a 
dragu^s  depuis  quelques  annees  dans  les  proportions  suivantes  : 


HItres  Cabes. 

Nombres  Bonds. 

1868 

69,000 

1869    

58,000 

1870    

57,000 

1871    

64,000 

1872    

66,000 

1873    ... 

82,000 

"En  1874,  le  budget  de  la  ville  de  Paris  portait  un  credit  de 
180,000  fr.  pour  les  draguages  aux  embouchures  des  collecteurs. 
Mais  ces  op6rations,  ex^cutees  sur  les  saillies  des  bancs  d*atterrisse- 
ment,  appliquees  du  reste  a  des  cubes  inferieurs  a  I'apport  annuel 
des  collecteurs,  ne  peuvent  eviter  le  comblement  des  has  fonds  et 
Tencrassement  progressif  du  lit  du  fleuve  par  les  vases  ct  les  ma- 
tieres organiques  legeres  :  de  la  Textension  et  Taccroissement  annuel 
des  phenomenes  de  fermentation  dans  les  profondcurs  memos  du 
courant,  poUud  k  la  surface  par  les  matieres  fermentescibles  dis- 
soutes.  La  commission  ne  saurait  done  voir  dans  les  draguages 
qu'un  palliatif  provisoire  dont  elle  recommande  I'application  inces- 
sante,  mais  qui  ne  pent,  k  aucun  titre,  6tre  erig^  en  solution  de  la 
question."* 


*  The  following  is  a  translation  of  the  extract  giren  :— 

"  In  proceeding  to  examine  the  remedies  to  be  applied  to  the  present  state  of  things 
the  Commission,  without  going  into  the  more  radical  measures,  which  will  be  examined 
hereafter,  must  insist  on  the  absolute  necessity  of  continuing  a  vigorous  course  of 
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The  substances  held  in  sospcnsion  and  rcaohinf;  the  montliB  of  the 
^roat  rivers  of  Asia  and  Amorica,  we  all  know,  form  delta  there — 
making  froah  land,  in  fact,  in  a  ratui-a!  manner,  jnst  as  the  minnte 
debris  of  the  red  sandstone  district  form  ai'tificially  a  valuable  deposit 
by  the  procBsa  of  warping  on  the  banksofonr  own  river,  the  Hnmber. 
Ibeherewe  may  assume  tliat  as  ccrteialy  as  those  formations  arc  now 
taking  place,  so  the  deposit  of  the  detritus  of  the  roada  of  London 
in  tho  ThaniDa  will  causo  a  serious  and  irrepM'able  injury  to  the  port 
of  London,  which  no  amount  of  dredging  will  bo  able  altogether 
to  reniovo  after  some  more  years,  of  continnance.  Such  an  effect  of 
Sir  Joseph  Baialgette's  trniy  admimhle  work  —  the  metropolitan 
sewerage — would  be  lamentable  indeed. 

LXXrV. — StiBBOir.  Watek  mo  its  Admissios  isto,  ok  Exclcsiox 
FROM,  Sewers.  Aa  already  intimated,  one  of  the  greatest  difficulties 
which  an  engineer  has  to  contend  with  is  tho  existence  of  snbsoil 
water  in  the  ground  through  which  he  lias  to  lay  his  sowers,  inas- 
much as  any  joints  which  arc  not  water-tight  not  only  admit  that 
snbsoil  water  to  dilute  the  sewnge,  but  after  the  water  in  the  sur- 
rounding soil  is  lowered,  the  sewage  which  should  bo  confined  to  the 
sower  will  under  any  appreciable  pressure  find  its  way  through  tho 
same  ioterstioes  into  the  soil.  This  I  have  ventured  to  condemn  as 
an  objectionable  result  on  sanitary  gronnds,  although  it  is  not  so 
regarded  by  some  engineers.  (See  Section  XLV.).  The  eflTcct  pro- 
duced by  this  bad  workmanship  is  nevortheloss  beneficial  to  some 

ilreagine  lo  preFcni  ilie  bltwldng  up  or  Ihp  Srliw  m  ih«  monihn  nr  ihs  oair»ll  sewan. 
IndepeiiilBilly  of  thn  qowHon  of  thepnbHu  tiaillll,  Ihrn  Ihbd  argmt  necMslty  oa  uooani 
of  tba  uTlgillDn  lit  Die  rlnir.  It  bu  b«m  mbowa  In  ttae  am  pun  of  tbc  repoH  Uui  iIh 
oatfull  Kvm  lUMluree  jnlo  tbe  Soino  «niiaiil]y  IM.OOO  lona  of  suUd  iruiwr,  or  a  volomo  of  - 
mnd  of  from  100.000  to  300,000  odUh  meires.  The  batvlrt  imbaitnctii  r<inn  bukii  vblsb 
iwrlodio^l  rise  ibnTO  ihs  turfica  of  ttao  mier,  inil  icblcb  lbs  Niiigatioa  Srrcioebu 
dndgHl  for  HSTimi]  >¥tr>  In  \hr  loUoH-Ing  qaimhii'!'  -. 


icriDiltbe  gnduiU  pallulloa  of  iii  bed  b;! 
I  ctate  ilut  iTD  obuls  the  iiuitii]  moiiio 
.^on  OTOD  In  IbA  deppMI  part  of  the  fItct.  1 
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extent,  for,  as  I  Ivaye  shown,  the  loworing  of  the  subsoil  water  in 
the  gronnd,  which  is  one  of  the  first  objects  to  be  ai^ied  at  in  sanitary 
works,  is  indirectly  gained  by  it.  (See  Sections  XII.,  XLIV.,  and 
XLVI.) 

Sewers  should  without  any  doubt  bo  made  water- tight,  and  where 
subsoil  water  exists  to  the  injury  of  the  health  of  the  locality,  it 
should  be  removed  by  an  independent  subsoil  drain.  It  must  not, 
however,  be  considered  to  be  invariably  an  additional  work,  for 
wherever  a  contractor  has  to  deal  with  subsoil  water  ho  invariably 
places  a  drain  of  a  temporary  land  under  the  permanent  sower  for 
the  purpose  of  withdrawing  the  water  which  would  otherwise  inter- 
fere with  its  construction.  Whatever  be  the  cost  of  this  temporary 
work  to  the  contractor  he  practically  recovers  it  in  the  advantage  it 
is  to  him,  and  a  very  little  addition  to  the  cost  of  the  sewer  will 
cover  the  construction  of  the  subsoil  drain  in  such  a  way  as  to 
serve  as  a  permanent  rather  than  a  temporary  work  only. 

To  illustrate  what  such  an  addition  to  the  cost  of  the  permanent 
sewers  will  be,  I  may  point  out  that  the  subsoil  water  of  towns 
of  the  size  of  York,  Birkenhead,  Chester,  Bath,  Southampton, 
Cambridge,  Oxford,  and  Ipswich, — supposing  every  acre  to  be 
more  or  less  wet,  and  to  require  under-drainage,— may  be  removed 
at  a  cost  which  if  reduced  to  a  rate  on  the  inhabitants,  would  not 
amount  to  a  halfpenny  in  the  pound,  and  if  you  refer  back  to  the 
number  of  deaths  which  I  stated  to  bo  duo  annually  to  diseases 
that  may  be  to  a  great  extent  reduced,  if  not  altogether  avoided, 
by  drying  the  soil  upon  which  dwellings  stand  (sec  Section  XLIV.), 
you  will  find  it  difficult  to  reconcile  with  sound  economy  the  absence 
of  systematic  drainage  in  addition  to  systematic  sewerage. 

In  practice  it  will  be  frequently  found  that  whenever  the  main  or 
intercepting  sewer  conveying  the  sewage  to  a  pumping  station  is 
below  the  level  of  the  outfall  river,  and  the  ground  water  has  to  be 
collected  by  an  under-drain  during  construction,  the  water  level 
may  be  permanently  lowered,  and  the  pressure  upon  the  sewer 
reduced,  by  securing  an  outlet  for  the  subsoil  water,  after  it  has 
risen  in  a  shaft  for  the  purpose,  at  the  lowest  attainable  point. 

I  need  hardly  say  that  when  pumping  is  resorted  to,  every 
gallon  of  water  finding  its  way  into  the  sewers  from  the  subsoil 
will  add  to  the  cost  of  the  pumping,  and  that  any  mode  of  treat- 
ing the  sewage  to  free  it  of  its  foul  matters — chemical  precipitation 
sufiering  even  more  than  land  cleansing — must  be  injuriously  aficcted 
to  the  extent  to  which  the  sewage  is  diluted.  It  will  be  admitted, 
nevertheless,   that  the  sewerage  of  towns  having  a  very  limited 
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water  anpply  may  be  improved  by  the  influx  of  snbsoil  water  for 
cleansing  the  sewers ;  but  inasmuch  as  the  difficalty  of  making  any 
eystem  of  sewers  altogether  water-tight  is  icBnpei'able  where  there 
are  junctions  with  prirn/e  commuuicatiug  sewers,  there  will  always 
be  a  Bnfficient  influx  from  a  constantly  wet  subsoil  lo  keep  the 
common  seweri  self -cleansed,  even  though  every  effort  has  Iwen 
made  to  mako  them  water-tight. 

When  Professor  Fettcnkofer  declared  that  "  waterproof  sewers 
exist  only  in  the  imagination  of  those  theorists  who  consider 
hydraulic  lime  and  waterproof  to  mean  the  same  thing,"  ho  stated 
that  the  quantity  of  nitrogenous  matter  that  escaped  oat  of  tho 
Bowers  by  the  sumo  apertures  that  admitted  the  subsoil  water  into 
them  was  so  great  that  in  one  cubic  foot  the  (juantity  of  organic 
nitrogen  amounted  to  132  grains.  Does  not  (his  illnstration  of  the 
evils  of  fanlly  sewers  point  out  fo  the  engineer  the  advantage  of 
doing  all  that  can  be  done  to  render  sewers  water-tight  and  to  a  great 
extent  explain  the  foul  condition  of  the  soil  beneath  our  public  oflices 
iu  Whiteliall,  of  which  much  has  been  recently  said  ? 

It  ia  because  it  is  impossible  to  render  sowers  altogether  water- 
tight when  laid  in  wet  ground,  that  tho  ongineer  should  provide  in  his 
sewers  for  a  certain  amount  of  dilution  by  subsoil  water,  the  exact 
qoaatity  to  be  provided  for  being  determined  by  the  circumstanoes  of 

That  the  effect  of  imperfect  sewers  laid  in  wet  ground  in  in- 
creasing the  quantity  of  liquid  discharged,  may  be  appreciated 
by  ratepayers  as  weU  as  engineering  students,  I  may  mention  that 
the  cost  of  lifting  1,000,000  gallons  of  sewage  daily  to  a  height  of 
60  feet  docs  not  at  this  moment  amount  to  less  than  450^.  a  year; 
and  that  the  influx  of  as  much  aa  1,000,000  gallons  of  subsoil  water 
into  the  sewers  of  a  town  is  not  a  mere  assumption,  will  he  seen 
from  the  following  figures  abstracted  from  the  second  report  (1871) 
of  the  Sewage  Committee  of  the  British  Association,  giving  the  total 
average  water  supply,  and  the  total  ordinary  dry  weather  daily  out- 
flow from  the  sewers  (exclusive  of  storm  waters)  : 
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I  have  been  in  communication  with  the  engineers  of  several  towns 
upon  this  subject.*  At  Carlisle,  where  the  water  supply,  including 
that  used  for  trade  and  pubUc  purposes,  amounts  to  1,061,000  gallons 
daily,  Mr.  Morley  informs  me  that  the  quantity  of  sewage  discharged 
is  upwards  of  2,000,000  gallons,  owing  to  "  a  large  quantity  of  water 
entering  into  the  outer  districts."  Of  Bedford,  Mr.  Lund  states 
that  the  daily  flow  of  sewage  from  the  sewers  is  about  700,000  gal- 
lons, which  it  will  be  seen  by  the  Table  given  in  Section  XIX.  is 
double  the  water  supply.  At  Salisbury,  Mr.  Bothams  says :  *'  The 
outflow  of  sewage,  <fec.,  here  is  very  greatly  in  excess  of  tho 
water  supply,  owing  to  the  subsoil  drainage ;  the  lower  end  of  the 
main  sewer  passes  through  some  water  meadows  with  an  open  gravel 
subsoil  full  of  water,  which  enters  through  the  joints  of  the  invert 
blocks  of  the  sewer.  The  same  occurs  to  some  extent  at  the  lower 
part  of  the  town,  varying  with  the  level  of  tho  springs.  The 
outfall  is  generally  a  few  inches  below  the  level  of  tho  river  into 
which  it  discharges,  except  in  summer  when  tho  river  is  low.** 

Before  closing  my  remarks  upon  subsoil  water  I  should  state  that, 
though,  as  a  rule,  the  common  sewer  and  the  subsoil  drain  may 
occupy  the  same  trench,  thero  are  some  instances  in  which  it 
would  be  injudicious  to  lay  a  subsoil  drain  immediately  below  a 
sower,  while  there  are  others  where  it  might  bo  moro  economical 
to  lower  the  subsoil  water  by  drains  altogether  independent  of  the 
sewer. 

LXXV.— Quantity  op  Sewioe  dependent  on  present  and  future 
Population — on  Local  Trades  and  the  Occupations  of  the  People 
— and  on  the  Water  Supply  of  tue  District. 

(1.)  Sewage  due  to  Population. — When  ascertaining  tho  number 
of  people  who  contribute  sewage,  and  for  whom  water  has  been  pro- 
vided— which  water,  in  fact,  becomes  sewage  after  it  has  been  used 
in  the  dwelling,  the  factory,  or  the  shop — it  is  necessary  to  consider 
wi  li  care  also  how  far  circumstances  may  alter  the  conditions  of  tho 
tow  '.  or  village  for  which  sewers  have  to  be  designed.  Places  which 
suddenly  rise  into  importance  like  New  Swindon,  Crewe,  and  North 


•  I  am  much  indebted  to  the  loTenl  cngineere  of  Exeter  (Mr.  Boulnols),  Salliibury  (Mr, 
Bothamn),  Birkenhead  (Mr.  Thorburn),  Southampton  (Mr.  Lemon).  Plymouth  (Mr.  Bel- 
lamy, Engineer  to  Water  Works),  Bath  (Mr.  Mitchell,  Engineer  to  Water  Works),  Hud- 
derafleld  (Mr.  Abbey). BamHley  (Mr.  Kcnworthy),  CarliBle  (Mr.  Morley).  Bolton  (Mr.  Proctor)^ 
Warwick  (Mr.  Pritchard),  Cheltenham  (Mr.  Humphria),  Darlington  (Mr.  Reah),  Ilatitingi 
(Mr.  Andrews),  Brighton  (Mr.  lA>ckwood),  Bedford  (Mr.  Lund).  WoWerhampton  (Mr.  Mor- 
gan), Margate  (Mr.  Albert  Latham),  and  Leamington  (Mr.  Datidson),  for  their  courtesy  in 
replying  to  inquiriei. 
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^^^                   Peterborangh,  which  towns  the  railways  may  bo  said  to  have  created 
^^^B  '               defy  the  most  far-sccing  auticipation,  and  the  most  careful  calcnla-' 
^^^1                  tion  both  ns  to  popolation  and  the  purposes  for  which  water  may  be 
^^^1                  nsed.     There  are  other  towns,  finch  as  Middleabrongh,    N'e\vpoi-t 
^^^1                  in  Monmoathshire,  Burnley,    and  Bradford,  where,  owing  to  the 
^^^1                  development  of  special  trades,  the  rate  of  increase   has  been   as 
^^^1                  marvellous.     On  tbo  other  bond,  tu-n-ns  situated  at  a  distance  from 
^^^P                   railways,  and  therefore  wanting  in  the  means  whereby  they  may 
^^^V                   compete  with  other  towns,  have  increased  comparatirely  slowly  in 
^^V                   their  populations.     The  following  Table  exhibits  the  rates  at  which 

^^^L                  lation,  within  the  peiiod  of  a  lifetime, — since  the  beginning  of  the 
^^^K                  present  century. 
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^H                        If  we  tAke  a  more  general  view,  the  censns  will  show  ns  that  the         -H 
^^H                    total  population  of  England  and  Wales  has  been  doubled  within  a           ^H 
^^P                    period  of  fifty  years.     Looking  upon  this  as  a  datum,  it  will  be  for           ^| 
^^B                     the  engineer  to  determine  whether  the  provision  which  he  sbonld          ^| 
^H                      make  in  his  aewcrs  should  have  reference  to  this  or  to  any  greater          ^M 

^H                      Besides  the  population  of  the  town  under  immcdiato  cousidera-          ^M 
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tion,  it  will  bo  frequently  found  necessary  to  provide  for  the  sewage  of 
suburban  parts  not  yet  included  in  it. 

(2.)  Sewage  affected  hy  Local  and  Special  Trades, — In  determining 
the  capacity  of  the  sewers  of  a  town  it  is  essentially  necessary  that 
it  should  be  previously  decided  how  far  the  liquid  refuse  of  local 
and  special  trades  shall  be  admitted  into  them. 

The  amount  of  water  used  in  some  descriptions  of  trade  is  very 
great.  One  manufactory  will  serve  as  an  illustration,  though  it  is 
doubtless  an  extreme  one.  The  quantity  of  water  used  in  the  case 
I  refer  to  actually  reaches  nearly  two  millions  of  gallons  daily 
— a  quantity  equal  to  the  water  supply  of  an  ordinary  town  of 
80,000  inhabitantB !  In  some  of  the  manufacturing  towns  of  tho 
North  and  West  of  England,  the  quantity  of  water  used  in 
trade  forms  a  very  appreciable  portion  of  the  total  supply.  (See 
Sunderland  and  South  Shields,  Darlington,  Bacup,  Leicester,  Bir- 
kenhead, Lincoln,  and  Plymouth,  in  Table  of  Water  Supply,  Sec- 
tion XIX.) 

To  convey  an  idea  of  the  pollution  to  which  the  water  may  be 
subject  when  used  in  certain  trades,  it  may  be  stated  that  in  the 
case  to  which  I  have  referred,  the  water  used  for  washing  is 
248  milUons,  for  bleaching  62  millions,  for  printing  31  millions,  and 
for  dyeing  93  millions  of  gallons  per  annum,  and  that  the  sub- 
stances used  in  the  works  are,  for  cfyeing  450,000  lb.  of  madder  and 
dye  woods,  and  for  bleaching  102,000  lb.  of  lime,  21,000  lb.  of  bleach- 
ing powder,  234,0001b.  of  soda  asli,  34,0001b.  of  caustic  soda, 
61,0001b.  of  resin,  246,000  lbs.  of  muriatic  acid,  and  30,0001b.  of 
sulphuric  acid  per  annum,  besides  soap. 

Numberless  are  the  cases  in  which  such  "polluting"  materials  are 
used  in  trades,  though  the  quantities  may  be  much  less.  The  par- 
ticular case  quoted  simply  serves  to  show  tho  difficulties  that  may 
have  to  bo  contended  with  now  that  trade  liquids  are  considered 
admissible  into  sewers. 

The  amount  of  pollution  caused  by  different  trades  may  be 
further  illustrated  by  comparing  the  quantity  of  organic  nitrogen 
contained  in  the  liquid  refuse  discharged  from  them  with  that 
given  in  the  standards  proposed  by  the  Hi  vers  Pollution  Com- 
missioners, as  the  amount  which  they  recommended  should  govern 
the  admission  of  all  liquids  into  streams,  viz.,  '3  in  100,000 
parts.  The  same  Commissioners  found  by  analysis  that  the  quantity 
of  this  ingredient  (the  primary  indication  of  impunty)  contained  in 
the  liquid  discharged  from  a  paper  mill  was  76*816  parts,  from  a 
woollen  mill  14*380  parts,  from  a  Witney  blanket  mill  19*508  parts. 
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and  from  a  flannel  mill  91-1S5  parts  in  100.000  parts.  The  average 
of  fifteen  cases  of  pollution  by  woollen  and  cotton  mills  given  by 
the  snme  authorities  was  10'38i  parts  of  organic  nitrogen  in  100,000 
parts.  I  mnst  refer  you  fur  further  details  to  the  tflbular  statement 
of  the  composition  of  liquid  refuse  from  different  trades  subsequently 
given  in  Section  XCI. 

These  quantities  of  organic  matter,  if  admitted  into  sewers,  would 
not  in  all  probability  militate  against  the  utilisation  of  their  contents 
upon  land,  uor  their  coaveraion  into  dry  manure  by  chemical  pro- 
cesses, the  difficulties  attending  their  admission  being  simply  doe, 
as  far  as  we  know,  to  the  amount  of  dilution.  There  are  ti-adea,  how- 
over,  such  as  galvanising  works,  German  silver  works,  brass  and 
copper  works,  chemical  works,  gas  works,  and  mines,  which  nse  and 
discharge  ingredients  of  a  nature  positively  destructive  to  vegetation, 
and  which,  therefore,  if  admitted  into  the  sewers,  would  preclude  the 
possibility  of  the  sewage  of  the  town  being  utilised  upon  land,  or 
converted  into  a  dry  manure.  It  would  appear,  therefore,  to  be  only 
just  that  those  persons  who  derive  a  profit  from  tho  trades  which 
create  these  special  difficulties  should  themselves  be  called  upon  to 
free  the  water  they  use  of  its  deleterious  matters,  and  intermittent 
downward  filtration,  as  pointed  ont  by  the  Rivers  Pollution  Commifi- 
aioners,  offers  special  facilities  for  dealing  with  the  liquid  refuse  of 
some  of  these  trades.     (See  Section  CI.) 

The  Legislature  has  very  properly  thought  proper  to  protect  indi- 
viduals who  make  use  of  common  sewers  for  the  discharge  of  their 
tiqaid  refnse  into  streams  againxt  legal  proceedings  under  the  Bivera 
Pollution  Prevention  Act,  provided  they  have  the  sanction  of  the  sani- 
tary authority  of  the  district,  and  the  consequences  of  this  provision 
it  is  hard  U»  foresee,  (see  Part  II.,  39  and  40  Vict,  e,  75,  sec,  3), 
and  under  the  same  Act,  section  7,  every  sanitary  authority  is  obliged 
to  give  facilities  for  enabling  manufacturers  withiu  their  district 
to  carry  their  liquid  refuse  by  private  communicating  sewers  into 
the  common  sewers,  provided  it  is  of  a  character  or  of  a  temperature 
not  to  prejudicially  affect  the  system  adopted  for  tho  disposal  of  tho 
sewage  firom  an  economical  or  sanitary  point  of  view. 

(3.)  "Sewage  Proper"  equal  to  Water  Supplij. — To  arrive  at  the 
quantity  of  water  converted  into  liquid  sewage  by  any  community,  it 
is  necessary  not  only  to  ascertain  the  precise  amount  supplied  by  the 
sanitary  authority  (if  the  water  works  ho  vested  in  that  body)  or 
by  the  water  company  serving  the  district,  but  to  estimate  also  what 
quantity  is  derived  from  private  wells  and  other  sources. 

The  sum  of  these  several  means  of  supply,  however,  may  not  re- 
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present  the  quantity  which  the  engineer  will  consider  it  nght  to  take 
as  the  measure  of  the  sewage  to  be  dealt  with. 

Where  the  quantity  is  loss  than  25  gallons  per  head  per  diem  in 
towns,  or  15  gallons  per  liead  per  diem  in  villages,  it  is  always 
safer  to  consider  that  these  figures,  rather  than  the  actual  consump- 
tion, should  represent  the  quantities  for  which  we  must  provide  in  an- 
ticipation of  the  increasing  use  of  water  in  all  private  establishments 
and  the  growing  requirements  of  a  public  nature  now  making 
themselves  felt. 

In  addition  to  this  there  will  be  the  water  utilised  in  local  and 
special  trades  which  is,  or  may  be,  admitted  into  the  sewers,  and  to 
which  I  have  just  referred.  These  contributions  together  represent 
the  sewage  of  the  district.  Some  useful  and  suggestive  figures  on 
this  point  will  be  found  in  the  tabular  statement  of  water  consumed 
in  England  and  Wales,  given  in  Section  XIX. 

LXXVI. — Variation  in  the  Discharge  op  Sewers — Maximum  and 
Minimum.  In  determining  the  size  of  the  sewers  by  which  the 
liquid  refuse  will  be  discharged,  it  is  necessary  to  have  reference  to 
the  varying  outflow  of  sewage  from  dwellings  at  different  times  of 
the  day.  This  is  found  to  accord  with  the  occupation  and  trades 
of  the  inhabitants  of  each  place.  One  town  will  differ  much  from 
another  in  its  domestic  arrangements,  and  in  the  time  when  water 
is  used  for  trade  purposes. 

A  frequent  pi*acticc  amongst  engineers  is  to  consider  that  one-half 
the  daily  outflow  will  be  discharged  in  six  or  eight  hours,  and  the 
remainder  in  the  sixteen  or  eighteen  hours  making  the  day.  The 
quantity  discharged  during  the  night,  from  ten  P.M.  to  eight  A.M., 
will  be  the  minimum,  the  actual  amount  depending  upon  the  con- 
struction of  the  sewers.  If  they  are  -water- tight  the  discharged 
quantity  will  bo  very  little  in  ordinary  towns  of  the  east  and  south 
of  England,  while  in  mining  districts,  where  the  population  is  active 
during  the  night,  the  outflow  will  be  copious  and  nearly  as  foul  as  in 
the  daytime.    (See  ^lerthyr  and  Wolverhampton  in  the  next  Table.) 

When,  therefore,  the  engineer  is  determining  the  capacity  of  his 
sewers  he  must  have  reference  (1)  to  the  maximum  outflow,  (2)  to 
the  amount  of  subsoil  water  which  may  be  accidentally  or  designedly 
admitted,  and  which  is  a  constant  and  an  almost  invariable  quantity> 
and  (3)  to  the  maximum  quantity  of  surface  waters  which  may  be 
admitted  at  periods  of  rainfall,  and  which,  as  already  shown,  will 
be  very  great  at  times  of  heavy  downfalls,  even  though  every  pains 
be  taken  to  reduce  as  far  as  reasoufible  the  area  of  contribution. 
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The  variation  in  tlie  ontSow  from  sewers  to  which  I  have  re* 
ferred  ie  shown  in  the  following  particniare  which  I  have  obtained 
of  the  honrlj  ganginga  of  the  disdiarge  from  the  sewers  of  several 
towns.* 
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t  Mkxlmam  In  the  14  he 
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TiXXvIL — Liquid  Sewage  to  be  removed  by  the  Sewers  op 
Towns  and  Villages.  When  speaking  of  the  sewage  of  the  dwel- 
ling (Section  LT.)  I  gave  a  definition  of  the  term  "  sewage,"  as 
adopted  by  the  Sewage  Committee  of  the  British  Association,  and 
declared  that  the  solid  refuse  belonged  to  the  scavenger,  and  the 
liquid  refuse  to  the  sewer.  This  division  applies  also  to  towns  and 
yOlages.  It  is  a  matter  of  frequent  remark,  however,  that  many 
solid  materials  are  adimitted  into  the  sewers,  and  carried  down  by 
them  to  the  outfall,  which  belong  to  the  scavenger  and  never  ought 
to  have  entered  them.  The  collection  and  removal  of  such  solid 
materials  will  nevertheless  form  no  part  of  the  scavenger's  duty. 
They  mnst  be  the  object  of  special  treatment  at  the  sewer  month. 
They  must  bo  screened  out  of  the  sewage,  and  dealt  with  separately 
from  the  smaller  particles,  which  float  on  through  any  grating  nsed 
as  a  screen.  It  must  in  fact  be  considered  the  province  of  the  en- 
gineer to  deal  with  all  the  materials,  solid  as  well  as  liquid,  which 
have  once  entered  the  sewers.     (See  Section  XCIII.) 

I  will  now  address  myself  to  the  works  necessary  for  the  removal 
of  liqnid  refuse  by  the  sewers  of  towns  and  villages,  and  afterwards 
speak  of  the  scavenger's  treatment  of  that  portion  of  the  solid  refuse 
which  does  not  enter  the  sewers  at  all. 
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LXXVIII. — Gener.\l  Arrangement  of  Sewers  or  System  op 
Se\verage.  All  common  sewers  constituting  the  sewerage  system 
of  a  district,  should  be  laid  in  straight  lines  wherever  their  sizes  are 
not  sufficient  to  allow  of  the  passage  of  a  man  up  them  to  remove 
deposited  matter. 

All  sewers  should  have  true  and  even  gmdients  from  point  to  point, 
and  where  curves  are  unavoidable  an  extra  fall  should  be  given  to 
compensate  for  increased  friction. 

In  the  streets  of  a  town  the  sewers  should  if  possible  be  laid  in  the 

centre,  so  as  to  be  equally  accessible  for  pnvate  junctions  from  both 

sides. 

At  the  junction  of  one  common  sewer  with  another — and  in  the 

case  of  small  sewers  at  every  change  of  direction  and  every  change 
of  gradient— there  should  be  a  shaft  in  the  form  of  either  a  man- 
hole or  a  lamphole  which  may  bo  used  for  the  several  purposes  of 
ventilation,  flushing,  inspection,  and  removal  of  obstructions.  (See 
Drawings  III.  and  XX.) 

s  2 
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Where  aewors  are  of  Urge  size  auil  allow  of  n  man  working  freely 
in  them — thus  reducing  tbe  advantage  of  strnighlnesB  of  course- — 
or  whoro  from  local  circnmstances  it  is  desirable  to  effect  the  junc- 
tion of  two  or  tlireo  sewers  at  one  point  without  the  introduction  of 
a  manhole,  the  jouctiou  should  be  made  by  curves  in  the  direction 
of  the  flow  of  tiie  ranin  sewer.  Drawing  XV.  shows  a  junction 
of  this  character  in  briekwork  ttdopted  by  Mr.  T»rbotton,  U.E.,  of 
Nottingham,  and  Figs,  85  and  SG  ehow  pipe  junctiona  of  a  similar 
form. 


Via.  8G. 


Fio.  86. 


Manholes  consist — as  tbeir  name  implies — of  shafts,  down  which 
a  man  may  descend  to  the  level  of  the  sewers.  They  should,  if  pos- 
sible, be  placed  at  the  junction  of  one  common  sewer  with  another, 
and  at  the  concentration  of  several  sewers,  the  straight  conrsc  of 
each  being  continued  into  it.  They  should,  as  already  stated,  be  con- 
structed bIbo  at  angle  points,  and  at  intervals  which  will  best  serve 
to  bring  the  whole  sewerage  system  under  perfect  control,  both  as 
regards  its  exnmination  and  its  cleansing,  and  so  avoid  tbe  necessity 
of  breaking  up  the  street  or  ground  in  which  the  aewera  are  laid 
whenever  an  obstruction  occurs.  The  bottoms  of  all  manholes  should 
be  HO  devised  that  tlio  sewage  should  flow  readily  through  them 
from  inlet  to  outlet.  This  is  done  by  forming  in  the  bottom  a 
grooved  coarse  or  channel,  which  boitcs  the  purpose  of  a  curved 
junction  pipe. 

The  advantage  of  the  existence  of  manholes  in  the  positions  I 
have  indicated  will  be  manifest  when  it  is  rcmemhei'cd  that  from 
them,  a  man  can  examine  the  action  of  the  several  sewera  in  the 
different  directions  which  they  take  as  well  as  carry  out  the  work  ot 
flushing  or  removing  of  obstacles  (see  Section  LXXXV.)  This  will 
be  the  more  apparent  after  an  examination  of  the  system  of  sewers 
shown  on  Drawings  III,  and  XX.  and  a  studvoftho  "Suggestions" 
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issued  by  the  Lociil  Government  Board,  which  were  drawn  up  by 
Mr.  Rawlinson,  to  whom  is  due  the  merit  of  many  arrangements 
which  now  are  approved  and  adopted  by  all  engineers. 

Lampholes — fis  their  name  implies — consist  of  a  shaft  down  which 
a  lamp  can  bo  readily  lowered  to  tlie  level  of  the  sewer  in  order  that 
the  man  at  the  next  manhole  may  see  whether  any  obstruction 
exists  in  the  length  of  sewer  running  from  the  one  to  the  other. 
If  obstructions  are  found  and  flushing  will  not  remove  them,  re- 
course will  have  to  be  had  to  rods,  jointed  in  a  wtiy  similar  to  chimney- 
sweeping  tools,  which  will  effect  the  removal  without  difficulty. 
They  will  extend  to  a  distance  of  several  hundred  feet.  Lampholes 
also  servo  as  watch-holes  by  which  the  flow  of  sewage  through  the 
sewers  may  bo  observed. 

The  manholes  and  lampholes  should  not  only  serve  to  effect 
the  several  objects  to  which  I  have  referred,  but  to  secure  also  by 
their  united  action  the  perfect  ventilation  and  aeration  of  the  whole 
sewerage  system.  Wliere  they  are  sufficiently  numerous  and  arc 
placed  in  proper  positions,  not  only  may  the  passage  of  sewer  gas 
from  the  common  sewers  into  houses  be  prevented,  but,  by  the  even 
ventilation  aflbrded,  excessive  odour  in  the  streets  may  be  obviated 
also. 

Whore,  owing  to  local  features,  manholes  exist  at  points  suf- 
ficiently near  each  other  to  afford  in  themselves  facilities  for  effect- 
ing the  duties  enumerated,  lampholes  are  not  essential.  It  is  not 
consistent  with  practice  to  lay  down  any  rule  as  to  distance  between 
sower  shafts,  but  it  must  not  be  too  great  to  prevent  the  uniform 
aeration  of  which  I  have  spoken.  Speaking  approximately,  the 
distance  from  one  shaft  to  another  should  not  exceed  a  hundred 
yards ;   but  it  is  better  to  have  too  many  than  too  few. 

Considerable  care  is  requisite  when  effecting  the  junction  of  lateral 
sowers  with  main  sewers,  either  by  manholes  or  by  curves,  to  deliver 
the  tributary  sewage  at  such  a  height  and  in  such  a  manner  as  not 
to  interfere  with  the  perfect  flow  of  the  contents  of  the  main  sewer. 
Upon  this  point  Mr.  Rawlinson  lays  down  the  following  excellent 
rules*  in  which  I  thoroughly  concur. 

"  Sewers  of  unequal  sectional  diameters  should  not  join  with  level 
inverts,  but  the  lesser  or  tributary  sewer  should  have  a  fall  into  the 
main  at  least  equal  to  the  difference  in  the  sectional  diameter.  ...  If 
the  inverts  of  tributary  sewers  are  not  above,  or  at  the  least  are  not  on 


*  SaggeationB  as  to  tho  Propantlon  of  Pl&ns  for  Sewerage  and  Water  Supply— iBBued  by  the 
Local  QoYemment  Board. 
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the  leTel  of  tbe  ordinary  How  of  sewage  in  the  main  sewer,  sacU  tn- 
butarj'  sewers  or  drains"  {private  commnnicating  sowers)  "  will  bo 
liable  to  be  back-^ratercd,  in  wliicb  casedeponit  will  take  place  in  tbe 
length  of  snbniorged  invert,  and  so  the  tribntjiry  sewer  or  dnun" 
(private  commnnicating  seiver)  "  will  become  cJioked  witli  its  own 
Bilt.  Many  drains"  (private  coraumnicating  sewers)  "  arc  ao  cboked 
whei'c  all  the  iuvcrta  iu  a  flat  district  join  upon  tlte  snmo  level, 
because  tbe  sewage  of  the  main  acwer,  whicb  is  in  same  degree  con- 
stant, back-waters  tbe  inverts  of  tbe  tributaries  us  d^cribed,  which 
tributaries  ai-o  only  in  use  intermittently," 

Where  a  largo  branch  sower  joius  tlie  main  sewer  in  a  miinholo  at 
a  higher  level,  the  onion  may  be  favonrahly  eflected  in  the  uianuer 
designed  by  Mr.  White,  of  OxforJ.  The  fell  is  broken  and  the  dis- 
turbance lessened  by  several  steps,  the  materials  of  wbieh  are  of 
bine  Stafibrdshiro  pressed  brickf,  iho  nosings  of  the  steps  being  piir< 
posely  formed  in  a  rounded  shape.  Tbe  tread  of  each  step  has  a 
&11  forward  of  half  an  inch,  and  also  a  cross  fall  to  its  cciiti'e  of  half 
an  inch  to  prevent  any  lodgment  of  solid  matter. 
Mr.  Bawliuson  further  says ; 

"  Earthenware  pipes  of  equal  diametors  should  not  bo  laid  as 
branches  or  tributaries,  that  is  9  in.  leading  into  fin.,  or  tiin.  into 
6  ID. ;  but  a  lesser  pipe  should  be  joined  on  to  the  greater,  as  12  in. 
to  15  in.,  9  in.  to  12  in,,  6  in.  to  9  in.,  and  so  on. 

"  Side  junctions  for  house  drains"  (private  communicating  sewers) 
"sbonldbeprovided  in  all  new  sewers  and  drains,  Tbe  position  should 
be  sketched  and  indicated  by  figures  in  a  book,  or  on  a  plan.  Side 
JDnctions  not  used  at  once  should  be  carefully  closed  for  subsequent 
use.  If  side  junctions  are  not  provided  and  put  in  as  tbo  sewers  are 
being  constructed  or  laid,  the  cost  of  subsequent  provision  and  inser- 
tion will  bo  much  greater.  It  will  bo  cheaper  to  insert  extra  side  junc- 
tions during  construction  rather  tban  to  have  pipes  to  romovc  or 
brick  sewers  to  cut  after  the  trenches  have  been  filled  in  and  bcoomo 
consolidated  and  tlie  road  or  street  surfaces  mode  good," 

Wben  devising  a  scheme  of  sewerage,  it  is  desirable  in  flat  districts 
to  connect  the  common  sewers  one  with  another  iu  order  to  gain  a 
more  complete  circulation  of  air.  This  can  frequently  be  effected 
without  any  appreciable  extra  expense. 

No  general  system  of  sewerage  can  bo  perfectly  laid  ont,  where 
.    pumping  is  resorted  to,  without  Cimsidering  and  determining  before- 
hand how  far  the  outfidl  sewer  may,  without  injury,  be  made  service- 
able for  holding  the  sewage  for  a  cerfain  period  of  tbe  day,  or  during 
tbe  nigbt,  when  it  may  be  economical  and  otherwise  desirable  to 
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oeaso  from  pumping.  Upon  this  point,  however,  I  shall  have  more 
to  say  when  dealing  with  seaboard  towns  (see  Section  LXXX.),  and 
with  outfall  and  intercepting  sowers.     (Section  LXXXI.) 

In  all  instances  where  a  subsoil  drain,  in  association  with  the 
sewer,  is  necessary  to  reduce  the  height  of  the  water  in  the  ground, 
care  should  be  taken  that  the  former  is  not  only  deep  enough  to 
render  the  cellar  floors  diy,  but  to  keep  the  foundations  of  dwellings 
dry  also.  Ifc  is  not  possible,  having  regard  to  economy,  to  lay 
down*  any  positive  rule  in  this  particular,  though  the  mean  depths 
to  be  aimed  at  may  be  taken  to  be  10  feet  in  towns  and  suburbs, 
and  8  feet  in  rural  villages. 

The  engineer  when  designing  the  sewers  of  a  district  will  do  well 
to  bear  in  mind  the  23rd  section  of  the  Public  Health  Act,  which 
practically  requires  the  sanitary  authorities  to  take  their  conmion 
sewers  within  100  feet  of  the  site  of  every  house  which  they 
ought  to  include  within  their  sewerage  system. 

The  proper  provision  of  gullies  to  collect  the  surface  waters  of 
streets,  roads,  and  yards — when  admitted  into  the  sewers — is  also  a 
point  of  great  importance,  and  must  have  the  particular  attention  of 
the  engineer. 

It  is  hardly  necessary  after  what  I  have  said  as  to  "  back  sewerage" 
(see  Section  LVIII.),  to  lay  any  stress  upon  it  here.  I  am  content 
to  repeat  that  no  sewers  should  pass  under  dwellings,  and  that 
therefore  back  sewerage,  where  dwellings  are  closely  packed,  is  de- 
sirable wherever  it  can  be  effected.  So  essential  is  it  however  to 
avoid  any  arrangement  which  necessitates  intrusion  upon  private 
property — which  is  inevitable  where  back  sewerage  is  can-ied  out — 
that  engineers  should  so  arrange  and  lay  out  the  private  commu- 
nicating sewers  as  to  reduce  to  a  minimum  the  length  of  any  back 
sower  serving  for  combined  use. 

Where  back  sewerage  is  adopted,  special  pains  should  be  taken  to 
effect  automatic  flushing  by  the  introduction  of  flush  tanks  (see 
Section  LIX.),  which  are  useful  in  times  of  rainfall  in  collecting  and 
utilising  the  water  from  the  back  roofs  of  houses,  but  this  must  be  so 
arranged  as  to  bo  free  from  the  objection  of  using  down  pipes  as 

ventilators. 

In  joining  each  private  communicating  sewer  with  the  common 

sewer,  neither  manhole  nor  chamber  is  necessary,  but  the  junction 

should  be  effected  by  a  curve  in  the  direction  of  the  flow.     A  light 

flap,  if  practicable  (see  Sections  LVIII.  and  LXXXV.),  may  be 

affixed  to  the  junction-eye  in  brick  sewers. 

As  suggested  by  Mr.  Rawlinson,  an  important  desideratum  is  the 
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possession  by  the  snnitnry  authority  of  a  perfect  record  in  tho  shape 
of  pluns  aod  SQctions  of  the  ivliolo  Bswcrago  sjatem,  showing  not 
only  the  common  sewors  and  each  ventilatiug  shaft,  bat  diatingaish- 
ing  which  shafts  are  manholes  and  which  lampholta,  and  indicating 
the  position  of  each  commimicating  sewer  and  juuction-eye.  Though 
tlio  necessity  of  thi»  is  manifest  to  erery  intelligent  mind,  it  is 
striking  to  observe  that  the  Legislaturo  lias  been  content  with 
iinthoriBing  sanitary  authorities  "  if  they  think  fit,"  to  provide  a 
map  and  keep  it  at  their  office.  The  efiect  of  leaving  it  optional  is 
— as  might  liavB  been  anticipated — that  in  very  few  casea  has  this 
all-important  point  been  attended  to,  and  that  tho  majorifj  of  dis- 
tricts are  therefore  without  any  complete  plan  of  the  works  which 
have  been  executed. 


LXXTX. —  MonE    OF    insrosiNO  or   Liquid    Eekuee   of   Towns 

AKD  VlLtAtlES  TO  BE  DETERMINED  UEFOKE  PHtlNG  THE  COUIISE  AND  Post- 

TiON  OF  THE  MAis  Olitfall  OK  iNTEHCEiTiNn  Seweiib.  That  the  mode 
of  disposing  of  the  liquid  sewage  of  towns  and  villages  must  be 
determined  before  the  course  of  the  outfall  or  intercepting  sewer  m 
finally  decided,  will  become  apparent  when  the  following  points  are 
recognised,  vis. : 

1st.  That  the  liqnid  refuse  must  ultimately  be  discharged  either 
into  the  eea  or  into  a  tidal  river  or  eatoary,  or  into  an  inland  river 
or  watercourse  forming  the  natural  outfall  of  the  district ;  and 

2nd,  That  although  there  may  be  considerable  variation  in  the 
direction  of  the  internal  aewers  in  consequence  of  internal  undula^ 
tiona  of  surface,  the  prevailing  inclination  will  be  towards  one  or 
other  of  the  points  of  ultimate  discbarge. 

These  being  the  ruling  conditions,  it  follows  that  any  treatment 
of  Ihe  sewage  to  fi-eo  it  from  "  all  foul  and  noxious  matters"  must  be 
resortiid  to  at  some  intermediate  point  between  the  ultimate  outfall 
and  the  point  at  which  the  main  bulk  of  tho  sewage  is  concen- 
trated, 

The  remaining  questions  which  will  determine  the  precise  locality 
where  the  necessary  cleansing  operations  shall  be  carried  oat,  are 
(1)  the  existence  of  a  Bit«  free  from  objection  on  the  score  of 
nuisance,  (2)  tho  power  of  reacliing  such  site  wholly  by  gravitation, 
or  partly  by  gravitation  and  partly  by  [mmping,  and  (3)  the  espe- 
dienoy  or  necessity  of  taking  the  whole  of  the  sewage  to  a  level 
lower  than  the  site  upon  which  it  will  bo  cleansed,  and  then  lifting 
it  to  euch  site.     A  subordinate,  but  still  an  important  consideration 
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will  have  an  inflnenco  in  determining  tliis  question ,  and  that  is,  the 
price  which  mnst  be  paid  to  obtain  the  site. 

With  these  points  determined,  the  direction  of  the  outfall  or  inter- 
cepting sewer  will  follow  as  a  matter  of  course. 

LXXX.— On  the  Classification  of  Towns  and  Villages,  and 
THE  Disposal  of  tueir  Sewage  according  to  the  Nature  of  the 
Odttfall.  All  towns  in  this  country  may  be  placed  in  one  of  the 
three  classes  referred  to  in  the  preceding  section — (1)  towns  on  the 
seaboard,  (2)  towns  on  estuaries  and  tidal  rivers,  and  (3)  towns 
on  inland  rivers  and  tiabutary  streams.  I  will  deal  with  them  under 
these  heads  and  add  a  few  special  remarks  upon  (4)  the  disposal  of 
sewage  from  villages  and  hamlets. 

(1.)  Seaboard  Towns. — I  recognise  in  the  economy  of  discharging 
sewage  directly  into  the  sea,  in  the  case  of  towns  situated  on  the 
seaboard,  a  good  and  Eufficient  reason  for  the  adoption  of  the  plan 
wherever  it  can  bo  done  without  injuriously  affecting  the  shore. 
The  probability  is,  however,  that  the  floating  matters  will  return, 
and  that  the  soluble  matter  will  mix  with  the  sea  so  as  to  polluto 
the  shores,  and  in  sea-bathing  towns  such  a  result  should  not  be 
possible.  The  possibiUty  of  discharging  sewage  into  the  sea  unob- 
jectionably  only  exists  where  the  shore  is  not  used  for  bathing  or  for 
recreation,  and  where  the  town  does  not  extend  down  to  the  water's 
edge.  Where  the  town  stands  well  above  the  sea  level,  and  the 
outfall  sewer  may  be  carried  far  into  the  sea  without  converting  such 
sewer  into  a  sewage-reservoir,  the  arrangement  may  be  effected. 

In  cases  where  the  sewage  is  impounded  within  the  outfall  sewer 
for  a  period  of  time  during  each  tide,  not  only  is  the  sea  shore 
affected  in  a  manner  to  prejudice  the  interests  of  a  sea-bathing  town, 
but  the  inhabitants  are  injuriously  affected  by  the  generation  and 
evolution  of  gases  from  the  impounded  sewage  which  find  their  way 
by  the  communicating  sewers  into  the  houses,  and  by  the  gullies 
and  gratings  into  the  streets  during  the  time  the  sewer  mouth 
is  closed.  Brighton  may  be  taken  as  an  illustration  of  this  state  of 
things.  A  visitor  standing  on  the  cliff  at  the  ebb  of  the  tide  may 
see  thej  sewage  pouring  from  the  outlet  and  marking  its  own  passage 
through  the  sea  for  a  considerable  distance,  and  if  he  takes  a  drive 
on  the  Parade  while  the  sewage  is  impounded,  he  may  smell  it  to 
his  utter  disgust.  If  an  engineer  desires  to  study  what  to  avoid  and 
to  see  works  which  have  been  admirably  carried  out  in  themselves, 
he  should  visit  the  sewage  disposal  works  of  Brighton.  Sooner  or 
later  there  will  be  provided  for  the  sewage  of  this  important  me- 
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tropolilaii  wfttering-placo  a  constant  means  of  discLarge  by  the 
applicatiou  of  steam  power  to  raise  oiid  dispose  of  it  aboTO  tidal 
influence.  Wliile  tlio  a\-erage  dt-atli-rate  u£  licftltlij  districts  is  17 
pel- 1000,  tliat  of  Brighton  frequently  rises  nbove  20,  and  tliis  eiceag 
is  only  to  be  explained  by  the  cbaracti-r  of  its  sowei-nge,  tbo  treatment 
of  the  Gcwage,  and  the  overcrowding  of  dwellinga,  foi'  the  town 
posEeeses  all  the  advantages  dne  lo  a  southern  aspect,  an  open 
sea,  and  a  wide  reach  of  downs  U>  sbelt^i"  it  from  oold  wind,  and  to 
afford  the  moans  of  healtlifnl  exercise, 

At  Liverpool  the  same  retention  of  sewage  in  the  sewers  at 
bigb  tide  exists— and  in  spite  of  the  fact  that  the  plan  of  ventilation 
adopted  embraces  extraordinary  efforts  for  the  extraction  of  the 
sewer  gases  by  specially  arninged  shafts  which  are  carried  op  , 
the  outsidcs  of  houses  and  buildings,  and  that  tlicrc  are  numerous 
openings  in  tho  streets  to  afford  every  facility  for  the  csciipe  of 
Boch  gases,  the  doath-rato  reaches  27'5  per  1000.  While  referring  to 
Liverpool,  I  would  recall  your  attention  to  tbo  words  of  Dr.  Uunoan 
(see  Section  XLVI.)  as  lo  the  bad  condition  of  the  cellar  population 
of  that  town,  which,  if  not  dii-ectly  caused  by  the  retention  of 
the  sewage  in  tho  sewers  of  the  low  portion  of  tho  town  most  in 
some  mcaauro  bo  increased  by  it.  At  Liverpool  the  discharge  of 
the  sewers  amounts  to  double  the  total  wat«r  snpply  of  the  towu, 
showing  in  a  very  marked  way  that  Ihc  sewers  are  not  water-tight, 
and  that,  consequently,  tho  impounded  sewage  may,  and  undonbt- 
odly  does,  find  its  way  into  tbo  soil  surrounding  the  sewers  each 
time  the  tide  rises  above  the  oatfall. 

It  will  have  i>een  anticipated  from  my  remarks  tlitit,  even  in 
seaboard  towns,  the  sewage,  before  it  is  discharged,  should  not  only 
be  clarified,  but  that  everything  should  be  done  within  reasonable 
limits  to  secure  a  constant  ontltow  independently  of  the  tide,  I 
hope,  too,  I  have  said  enough  to  convey  to  you  my  conviction  that 
tho  ventilation  of  tiJo-lockod  sewers  in  pre-eminently  important, 
and  of  more  consequence  in  fact  than  that  of  ordinary  sewers  in 
inland  towns. 

One  or  other  of  the  tried  chemical  precipitation  processes  will 
effect  the  required  clarification  of  the  sewage  of  tliis  class  of  towns 
where  land  cannot  bo  obtained.  With  these  processes  I  shall  pre- 
sently deal  (sec  Section  XCV.) 

(2.)  Towns  diichargin;/  into  Tidal  Ehert  and  Ettuariet. — A 
considerablo  nomber  of  (owns  in  this  coantry  are  sitoated  on 
the  shores  of  tidal  waters,  some  of  which  reach  far  Inland.    Tho 
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difficulty  of  satisfactorily  dealing  with  sewage  which  can  only  be 
canned  to  the  sea  by  the  ebb  of  the  tide,  is  very  considerablcr 

The  banks  or  shores  of  these  waters  generally  consist  of  nind, 
and  are  exposed  to  the  atmosphere  for  a  sufficient  time  during  each 
tide  to  give  off  in  extremely  hot  weather  an  intolerable  stench, 
which  is  necessarily  made  worse  by  mixture  with  sewage.  In 
dealing  with  towns  on  tidal  rivers  it  becomes  the  duty  of  the  en- 
gineer to  treat  the  liquid  refuse  differently  from  tlio  way  in  which 
ho  would  dispose  of  the  sewage  of  either  a  town  du-ectly  on  the 
seaboard,  or  one  situated  on  an  inland  river. 

The  most  rational  view  of  the  matter  is  that  while  the  sewago 
discharged  from  seaboard  towns  du*ectly  into  the  sea  may  be  simply 
clarified,  that  which  is  discharged  into  tidal  rivers,  the  waters  of 
which  are  never  utilised  as  sources  of  potable  waters,  should  bo 
cleansed  of  its  putrescible  matters  up  to  a  certain  standard,  which 
though  less  stringent  than  that  applied  to  inland  rivers,  shall  be 
snfficiently  high  to  prevent  its  causing  the  nuisance  of  which  I  have 
spoken. 

The  standards  recognised  by  the  Conservators  of  the  River  Thames, 
as  applicable  to  districts  below  the  intakes  of  the  London  water 
companies,  may  be  adopted  for  this  class  of  towns.  They  say  of  the 
defecated  water  to  be  discharged  from  these  districts : — "  1.  It  should 
be  free  from  an  offLnsive  odour.  2.  It  should  be  free  from  suspended 
matters,  or,  in  other  words,  be  perfectly  clear.  3.  It  should  not  be 
alkaline  to  turmeric-paper,  nor  acid  to  litmus-paper.  4.  It  should 
not  contain  per  gallon  more  than  GO  grains  of  solid  matter  dried  at 
2G0  deg.  Fahr.  5.  It  should  nut  contain  more  than  three-quarters 
of  a  grain  of  organic  and  ammoniacal  nitrogen  per  gallon.  6.  It 
should  not  contain  more  than  two  grains  of  organic  carbon  per  gallon. 
7.  It  should  contain  not  less  than  one  cubic  inch  of  free  oxygen  in 
a  gallon.*'  It  should  be  observed,  however,  that  one  of  the  eminent 
chemists  who  signed  this  recommended  standard.  Dr.  Fi*ankland, 
— Idmself  a  member  of  the  Rivers  Pollution  Commission, — added 
these  words :  "  The  conditions  under  which  fluid  which  has  been 
contaminated  with  sewage  may  be  admitted  into  the  Thames,  as 
prescribed  in  the  foregoing  report,  will,  I  have  every  reason  to  believe, 
preserve  the  river  from  being  offensive  to  the  inhabitants  upon  its 
banks ;  but,  whilst  thus  far  agreeing  with  my  colleagues,  I  wish  it 
to  be  distinctly  understood  that,  in  iny  opinion,  such  fluid  can  only 
be  safely  admissible  into  the  Thames  on  condition  that  the  water  is 
not  afterwards  used  for  domestic  purposes," 
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These  standnrds — which,  as  tho  Govcramcnt  do  not  rccogniso 
them,  are  only  now  useful  ns  indicating  the  vary  reasonable  view 
taken  by  the  Tlinmes  CoiiserTancy  Board— cin,  it  is  declared,  be 
reached  by  several  of  the  chemical  processes  which  I  shall  hereafter 
explain.  I  am  of  opinion,  however,  that  in  the  case  of  tidal  rivers 
which  veach  far  into  the  country,  and  the  bauks  of  which  ai'e  ex- 
posed at  every  tide  and  give  olF  effluvia  of  increased  offensiveaess 
when  the  tidal  water  Is  mixed  with  acwage.  it  ia  not  only  desirable 
in  many  institnces  to  separate  the  solid  matters  and  clarify  tho 
liquid  as  chemical  precipitatioa  will  suffice  to  do,  but  to  purify  it 

How  far  tliB  Act  of  this  Beasion  may  affect  towns  on  tidal  riveni 
remains  to  be  aeon.  In  Port  H.,  section  3,  it  is  kid  down  that 
"  every  person  who  oansea  to  fail  or  flow,  or  knowingly  permits  to 
fall  or  flow,  Or  to  he  carried  into  any  st renin  any  solid  or  liquid  sewage 
matter  shall  (subject  as  in  this  Act  mentioned)  be  deemed  to  have 
committed  an  offence  against  this  Act,  Where  any  sewage  matter 
falls  or  flows,  or  is  carried  into  any  stream  along  a  channel  nsed, 
constructed,  or  in  process  of  construction  at  the  date  of  the  passing 
of  this  Act  for  tho  purpose  of  conveying  such  sewage  matter,  tho 
person  causing,  or  knowingly  permitting  the  sewage  matter  so  to 
fait  or  Qow,  or  to  be  carried,  shall  not  be  deemed  to  have  committed 
an  offence  against  this  Act  if  he  sbowa  to  the  satisfaction  of  the 
Court  having  cognisance  of  the  case  that  ho  is  nsing  tho  best  prac- 
ticable and  available  means  to  render  harmless  the  sewage  matter 
BO  falling  or  flowing,  or  cai-ried  into  the  stream."  In  Part  IV.  of 
the  same  Act  it  is  stated  that  " '  Stream'  includes  the  sea  to  such 
extent  and  tidal  waters  to  such  point,  as  may,  after  local  inquiry, 
and  on  sanitary  grounds,  bo  determined  by  the  Local  Government 
Board,  by  order  pnbliahed  in  the  London  Qazettt.  Save,  as 
aforesaid"  (the  exceptions  are  tho  Lee  and  Thames,  which  are 
under  special  control,  and  the  sea  or  tidal  waters  the  nso  of 
which  for  the  discharge  of  sewage  has  been,  sanctioned  by  Act  of 
Parliament),  "it  includes  rivers,  streams,  canals,  lakes,  and  water- 
courses, other  than  watercourses  at  the  passing  of  this  Act,  mainly 
used  as  acwera  and  emptying  directly  into  the  sea,  or  tidal  waters 
which  have  not  been  determined  to  be  streams  within  the  meaning 
of  this  Act  by  such  order  aa  aforesaid." 

(3.)  Inhind  Towni. — It  is  not  only  reasonable  bnt  positively  neces- 
sary that  considerations  altogether  different  from  those  raling  in 
the  case  of  seaboard  towns  should  determine  the  mode  of  disposing 
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of  tlic  sewago  of  inland  towns.  The  effluent  water  in  sncli  cases 
slionld  indeed  ho  freed  of  all  foul  or  noxious  matter  (Public  Health 
Act,  1875,  clause  17),  without  compromise,  and  the  law  should  be 
exercised  without  hesitation. 

The  influence  of  the  opposition  of  manufacturers  upon  the  past 
and  present  governments  lias  resulted  in  a  temporary  respite,  and 
some  ground  has  been  lost  by  temporising  which  had  been  previously 
gained  by  slow  and  certain  steps ;  but  when  saying  this  it  is  im- 
possible to  evade  the  conclusion  that  the  perfect  and  permanent 
cleansing  of  sewage  will  bo  sooner  or  later  insisted  upon  by  every 
voice  in  the  country,  and  by  no  persons  more  decidedly  than  by  the 
manufacturers  themselves.  The  standards  suggested  by  the  Rivers 
Pollution  Commissioners,  at  first  adopted,  then  abandoned  by  the 
late  Government,  and  since  ignored  by  the  present  Government, 
but  which,  nevertheless,  afford  a  very  good  criterion  of  what  may 
satisfy  the  future  requirements  of  inland  towns,  precluded  the 
admission  of  the  following  liquids  into  any  stream. 

(a.)  Any  liquid  containing  in  suspension  more  than  three  parts  by 
weight  of  dry  mineral  matter,  or  one  part  by  weight  of  dry  organic 
matter  in  100,000  parts  by  weight  of  the  liquid. 

(6.)  Any  liquid  containing  in  solution  more  than  two  parts  by 
weight  of  organic  carbon,  or  '3  part  by  weight  of  organic  nitrogen  in 
100,000  parts  by  weight. 

(c.)  Any  liquid  which  shall  exhibit  by  daylight  a  distinct  colour 
when  a  stratum  of  it  one  inch  deep  is  placed  in  a  white  porcelain  or 
earthenware  vessel. 

(d.)  Any  liquid  which  contains  in  solution,  in  100,000  parts  by 
weight,  more  than  two  parts  by  weight  of  any  metal  except  calcium, 
magnesium,  potassium,  and  sodium. 

(e.)  Any  liquid  which,  in  100,000  parts  by  weight,  contains, 
whether  in  solution  or  suspension,  in  chemical  combination  or  other- 
wise, more  than  '05  part  by  weight  of  metallic  arsenic. 

(/  )  Any  liquid  which,  after  acidification  wnth  sulphuric  acid, 
contains,  in  100,000  parts  by  weight,  more  than  one  part  by  weight 
of  free  chlorine. 

(//.)  Any  liquid  which  contains,  in  100,000  parts  by  weight,  more 
than  one  part  by  weight  of  sulphur,  in  the  condition  either  of  sul- 
phuretted hydrogen  or  of  a  soluble  sulphurct. 

(//.)  Any  liquid  possessing  an  acidity  greater  than  that  which  is 
produced  by  adding  two  parts  by  weight  of  real  muriatic  acid  to 
1,000  parts  by  weight  of  distilled  water. 
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(i.)  Any  iiqnid  possessing  an  alkalinity  greater  than  that  pro- 
dnced  by  adding  one  pnrt  liy  weight  of  dry  cttostio  soda  to  1,000 
parts  by  weight  of  distiiled  water. 

Where  thcac  stacdurds  have  been  reached  For  a  cantinnaiice  by 
any  Biogle  troatmont  of  sewage  it  has  been  eflected  by  rocoorse  to 
land,  either  by  way  of  wide  surface  irrigafion  (Section  C),  or  inter- 
mittent downward  filtration  (Section  CI.)  "Wiien  local  circum- 
stanoGs  forbid  the  acquisition  of  a  sufficient  area  of  land  for  either  of 
these  objects,  then  one  of  the  chemical  processes  in  association  with 
intermittent  downward  filtration  will  have  the  desired  effect.  By  this 
latter  combination  a  very  small  area  of  natural  soil,  when  properly 
prepared,  ivill  perfect  that  purification  which  cliomical  treatment 
has  failed  to  reach  by  itself.  It  may  bo  said  that  there  are  places  in 
which  no  land  whatever  can  be  obtained  ;  but  as  1  have  never  yet 
seen  an  instance  in  which  this  is  the  case,  I  am  nnable  to  snpport 
the  assertion, 

(4.)  Villnget  and  Hamleti— their  Special  Treatment. — These  re- 
marks upon  the  disposal  of  the  liquid  refnse  of  towns  apply  equally 

to  villages,  It  may  certainly  bo  assnmed  that  after  the  scavenger 
has  removed  the  solid  portions  of  sewage  a  means  mast  still  bo 
provided  of  disposing  of  all  liquid  sewage,  come  from  whence  it 
may. 

It  has  been  taken  for  granted  by  most  persons — simply  because  the 

Sint  has  not  been  thoroughly  discussed — that  if  solid  refuse  is 
iposed  of  in  some  approved  manner,  very  small  places  may  tarn 
their  slop  water  into  the  nearest  watercourse.  This  impression  will 
have  bnt  a  transient  eiisteuce,  though  the  money  now  being  spent 
in  temporising  witb  difficulties  and  in  endeavouring  to  evade  the 
law  is  very  considerable.  I  feel  bound  to  assert — though  in  the 
present  stntc  of  the  pubhc  mind  I  may  not  obtain  general  concnr- 
renoe — that  there  is  no  other  way  of  satisfactorily  disposing  of  the 
liquid  refnse  of  any  community  than  by  a  common  water-tight 
sewer  which  shall  collect  and  discharge  it  for  appi-opriate  treatment. 
This  cannot  bo  too  well  nnderstood,  for  the  precise  mode  of  dis- 
posing of  liqoid  sewage  becomes  comparatively  easy  directly  it  is 
determined  to  collect  and  deliver  it  at  a  given  point. 

In  very  large  towns,  such  as  the  Metropolis,  Manchester,  Shef- 
field, Birmingham,  &o.,  sorronnded  as  they  are  by  wide-reaching 
populous  suburbs — the  difficulty  of  finding  a  safficiont  area  of  land 
where  the  sewage  may  bo  cleansed  and  freed  of  its  noiious  portions 
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before  discharge  into  rivers,  has  hithefrto  been  deemed  insuperable. 
With  inland  towns  of  medium  size  the  obstacles  which  have  prevailed 
are  gradually  vanishing,  and  the  use  of  land  is  daily  extending  with 
every  probability  of  becoming  a  successful  solution  of  the  question, 
especially  when  modified  by  the  adoption  of  intermittent  downward 
filtration  as  a  means  of  reducing  the  area  to  the  limits  at  command. 
(See  Sections  CI.  and  OIL) 

In  dealing  with  villages  and  hamlets  where  the  population  is  to 
be  counted  by  tens  instead  of  by  thousands,  the  difiBculty  is  not  in 
finding  land  by  which  to  cleanse  the  sewage,  but  in  organising 
permanent  and  eflective  arrangements.  Yet  where  there  exists 
the  will,  the  way  is  simple  enough.  The  application  of  the  sewage 
of  a  village  to  land  with  the  aid  of  some  means  of  collecting  the 
sewage  such  as  the  self-acting  sewage  regulator  (see  Appendix), 
appears  pre-eminently  the  right  thing  when  it  is  remembered  that 
all  village  communities  should  possess  gardens,  and  many  of  them  do 
possess  '*  allotment  gardens"  set  aside  for  labourers,  and  that  to  utilise 
the  liquid  sewage  on  these  gardens  would  be  a  great  boon  to  every 
one  interested,  inasmuch  as  such  a  ready  means  of  manuring  is  pre- 
cisely that  which  would  bo  most  appreciated  by  the  poor.  I  com- 
mend this  suggestion  to  rural  parochial  authorities. 

LXXXI. — Main  Outfall  and  Intercepting  Sewers.  Having  by 
investigation  arrived  at  the  quantity  of  sewage  to  be  discharged  and 
its  maximum  rate  of  outflow,  the  extent  to  which  it  will  be  con- 
stantly diluted  by  subsoil  water  and  occasionally  swollen  by  surface 
waters,  and  the  provision  to  be  made  in  the  sewers  for  the  liquid 
refuse  of  trade — and  having  moreover  determined  the  mode  of  dis- 
posing of  the  sewage — the  engineer  can  at  once  proceed  to  decide 
the  details  of  his  scheme  of  operations. 

The  size  of  the  main  sewer  will  be  greatly  governed  by  the 
mode  adopted  for  "intercepting"  the  sewage.  The  term  "inter- 
cepting" is  as  often  applied  to  a  pnncipal  sewer  cutting  off  exist- 
ing sewers  which  discharge  into  a  river  at  low  level,  as  it  is  to 
a  sewer  collecting  and  delivering  the  sewage  of  a  higher  district 
by  gravitation  simply.  Both  intercept  the  sewage,  but  practically 
the  term  is  more  properly  applied  to  the  latter,  i.e.,  the  sewer 
which  divides  the  high  ground  from  the  low,  and  keeps  the  sewage 
which  may  be  discharged  by  gravitation  from  reaching  the  lower 
parts  of  a  town.  Where  it  is  possible  to  effect  this  separation,  it 
is  often  a  desirable  thing  to  do,  as  by  thus  increasing  as  much  as 
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poBBible  the  outflow  by  gravitation  tUo  quantity  tliat  mnat  be  lifted 
is  reduced  to  a  miniiaum. 

An  intercepting  bigh-iovel  sewer  is  often  found  to  be  the  best 
conduit  foi-  discharging  the  sewage  of  low-level  dietiicts.  This  is 
effected  by  collecting  the  sewage  of  the  latter  at  a  point  moat 
eligible  for  the  purpose,  and  pumping  it  up  to  the  high-level  inter- 
cepting aewer.  The  whole  of  the  sewage  of  the  town  may  then 
be  delivered  advantageonsly  at  one  point.  No  better  illnatra- 
tion  of  the  advantage  of  separating  the  sewage  of  the  higher 
from  the  lower  part  of  a  town  could  be  given  than  that  aiforded 
by  the  metropolis,  where  the  sewage  of  27i  square  miles  on 
the  north  side  of  the  Thames  is  intercepted  by  high  and  middle 
level  sewers  and  taken  to  tho  outfall  at  Barking  by  simple  gravi- 
tation, the  sewage  of  the  low  parts,  consisting  of  25^  square  miles, 

Dg  lifted  iuto  the  higher  level  sower  and  discharged  with  the 
'  sewage  it  collects.     It  does  not  follow  as  a  matter  of  course,  how- 

ir,  that,  in  all  cases  where  the  levels  will  admit  of  separation, 
snch  a  treatment  is  the  most  economical.  Tho  instances  are 
not  rare  in  inland  districts  in  which  the  surface  may  be  so  much 
divided  by  undulatioaa  as  to  render  it  less  costly  to  collect  the 
aewa^  by  one  low-level  sower,  and  to  lift  the  whole  together,  than 
to  divide  it  into  several  jMi-ts  and  lift  only  the  sewage  of  the  lower 
parts. 

In  seaboard  towns  where  the  outfall  sewers  are  tide-locked,  every 
effort  should  bo  made,  for  the  reasons  already  given,  to  intercept 
and  discharge  by  gravitation  as  much  sewage  as  possible  and  dispose 
of  it  free  from  tidal  influence. 

It  is  not  an  uncommon  practice  in  inland  towns,  where  pumping 
is  resorted  to,  to  convert  the  main  outfall  sewer  into  a  reservoir  for 
the  collection  of  the  sewage  daring  the  night,  with  a  view  to  reduce 
the  outlay  which  constant  pnniping  would  involve,  and  the  same 
evil  effects  which  I  have  stated  to  he  produced  in  sewers  locked  by 
the  tide  may  be  produced  in  towns  where  this  practice  is  adopted. 

It  is  hardly  necessary  to  say  that  where  such  reservoirs  do  exist 
every  precaution  is  required  to  avoid  overcharging  them  with  waters 
which  might  be  intercepted,  while,  as  already  stated,  it  is  essential 
in  every  case  to  provide  special  ventilation  for  the  escape  of  the 
gases  generated  in  them  during  the  detention  of  the  sewage.  Such 
collections  of  sewage  in  sewers  tire  only  to  be  sanctioned  in  very 
special  cases,  and  no  rules  can  be  laid  down  to  determine  their  size 
and  construction,  as  the  conditions  will  differ  in  every  case. 
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LXXXTI.  —  Sizes  and  Velocities  eequibid  to  render  Sewkes 
SELF-cLEANsiKfi.  To  determine  accurately  the  size  nod  mcliniitioa  of 
the  common  sewera  it  may  be  intended  to  construct,  it  is  noces- 
Bary  to  have  reference  to  (he  amoaut  of  foreign  water  and  solid 
tntitter  which  nill  be  brought  into  tliem  in  addition  to  the  quantity 
and  the  character  of  the  sewage- proper.  A  velocity  of  60  feet  per 
minnte  will  be  sufficient  for  the  discharge  of  clear  sewage  closely  ap- 
proximating  the  character  of  water,  and  sewage  strained  of  its  coai-ser 
partiotea  will  flow  without  deposit  with  n  velocity  of  90  feet  per 
minute.  Ordinary  sewage,  I  consider,  requires  a  mean  velocity  of 
ISO  feet  per  minnte.  Wicksteed'a  experiments  showed  that  a  mean 
velocity  of  137i  feet  per  minute  would  suffice  for  the  removal  of 
heavy  sewage  matter  when  the  sewer  was  rnnning  full  or  half  full, 
though  Mr.  John  Phillips,  of  the  Westminster  district,  declared  that 
it  required  a  constant  velocity  of  150  feet  per  minute  to  efl'ect  the 
same  object.  Mr.  Robert  Stephenson  and  Mr.  Hawksley  considered 
a  velocity  of  two  miles  per  hour,  or  176  feet  per  minute,  necessary. 
Sir  Joseph  Bazalgette  prescribed,  I  believe,  a  velocity  in  large  sewers 
of  two  miles  per  hour,  or  176  feet  per  minute,  when  running  threo 
quarters  full,  165  feet  when  running  half  full,  and  140  feet  per 
minnte  when  rnnning  one-third  full.  The  Government  referees  on 
the  main  drainage  of  the  metropolis — Messrs.  Galton,  Simpson,  and 
Blackwell — considered  that  a  mean  velocity  of  150  feet  per  minute 
was  sufficient  to  clear  the  "  main  channel"  which  they  proposed  for 
the  discharge  of  the  sewage  of  the  metropolis,  while  Messrs.  Bidder, 
Hawksley,  and  Baealgette  condemned  that  provision,  because  at  low 
water  the  velocity  would  be  reduced  to  'JO  feet  per  minute.  The 
late  Mr.  Beardmore  laid  it  down  in  his  "  Manual  of  Hydrology,"  that 
the  following  bottom  velocities  have  the  effect  stated  on  the  different 
materials  particularised ; 

30  per  minnte  will  not  distnrb  clay  with  sand  and  stones. 

40  ,,  will  move  along  coarse  sand. 

60  „  „  fine  gravel,  size  of  peas. 

120  „  „  rounded  pebbles,  1  in.  diameter. 

180  „  „  angular  stones,  Ij  in.  diameter. 


Bottom  velocity,  which  imparts  the  greater  motion,  differs  fi'oa 
mean  velocity  in  the  ratio  of  from  ■7-5  to  '85 — say  '80  to  1 — o 
fourth- fifths.     The  greatest  diacliargo   from  a   circular  conduit  i 
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when  it  is  not  quite  fall  —  i.e.,  when  ralher  bettor  than  fifteen- 
sizteentbe  full,  and  the  greatest  velocity  occurs  when  it  is  tbirteen- 
sixteentbs  full. 

To  give  a  practical  illnstration  of  tlio  fall  or  inclination  required 
to  obtain  the  three  velocities  of  60  feet  per  minnte,  90  feet  per 
minnte,  and  150  feet  per  minute,  and  to  make  manifest  tlie  yalne 
of  screening  sewage  before  it  is  carried  forward  for  distribntion  or 
treatment,  1  may  state  that  a  2  feet  sewor,  if  discharging  clear 
sewage  with  n  velocity  of  60  feet  per  minnte,  would  require  a  fall  of 
rather  more  than  one  foot  per  mile, — if  discharging  Btraiced  sewage 
with  a  velocity  of  90  feet  per  minute,  2J  feet  per  mile, — and  if  dis- 
charging ordinary  nnscrewied  sewage  with  a  velocity  of  160  feet 
per  minute,  a  fall  or  inclioation  of  7^  feet  per  mile.* 

The  opposite  Table  will  give  the  velocities  of  wat^r  flowing 
through  and  the  qnantily  dischai^ed  from  circular  pipes  or  culverts 
per  minnte  when  laid  at  different  inclinations,  and  running  balf  and 
three  quarters  full. 

This  Table  is  calculated  from  the  following  formula  which  was 
adopted  by  the  late  Mr.  Beardmore,  and  which  has  been  found  to 
be  very  reliable : 

V=6Sv'Rx2H. 


R=hydraulic  mean  depth  in  feet, 
H— fell  in  feet  per  mile. 
V=velocity  in  feet  per  minnte. 
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It  may  be  desirable  here  to  give  the  f  ommlEB  of  the  four  different 
foreign  authorities  principally  recognised  in  this  country  by  en- 
gineers. I  do  not  however  consider  either  of  them  so  reliable  as 
that  of  Mr.  Beardmore  which  I  have  adopted  in  the  Table  I  have 
given. 

Du  Buat's  formula  reduced  to  English  measure : 

\/S-L(\/S-fr6)         ^^  ^ 

V= velocity  in  inches  per  second. 
B  =  hydraulic  mean  depth =i  diameter  in  inches. 
S= slope  or  difference  of  level. 

L=hyperbolic  logarithm,  and  found  by  multiplying  the  conmion 
logarithm  by  2-3026. 

In  the  following  formulsB  English  feet  are  employed. 


V  being  the  velocity  per  second. 

D         „        diameter 

H        „        head  or  pressure  ^  of  the  pipe. 

L         „        length 


|. 


Prony's  simple  formula . 


V 


=  48-44S>J. 


DH 


Eytelwein's  formula,  as  given  by  Tredgold : 


^=«-^  N(eI#d))  • 


•L+47 
Poncelet's  formula : 


^=«-'^(LmD)  • 


L  + 

The  quantities  given  by  these  formulae  were  tested  by  actual 
discharges  and  the  results  were  given  at  the  Institution  of  Civil 
Engineers  by  Mr.  Murray,  C.E.,  in  the  following  tabular  statement. 
(See  Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers, 

vol.  xii.  page  56.) 

o  2 
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LXX XIII,— Circular  and  Eqo-shaped  Seweb3  compared.  An 
advantage  is  gained  when  the  quantity  of  eewage  varies  from  a  small 
TuJnitnam  to  a,  large  maximtim  by  the  adoption  of  egg-shapod  Bewers 
in  the  place  of  circular  ones,  the  advantage  consisting  in  the  shape 
accommodating  itself  to  the  fluctuation  of  the  flow.  When  the 
quantity  is  small  the  lessor  diameter  of  the  invert  of  the  egg-shaped 
sewer  affords  a  better  scouring  power  than  the  larger  diameter  of  an 
eqaivalent  circular  sewer,  while  the  increased  size  of  the  upper  part 
of  the  former  conduit  affords  the  requisite  space  for  an  increasing 
outflow. 

In  cases,  however,  where  the  sewage  maintains  a  minimum  Bow 
cqoal  to  half  the  maximum  flow  so  that  the  conduit  is  never  less 
than  half  full,  there  ia  no  advantage  in  an  egg-shaped  sower  over  a 
circular  one,  while  the  latter  is  cheaper  to  construct  and  of  greater 
strength. 

The  best  form  of  an  egg-shaped  sewer  is  stated  to  be  that  given 
in  Mr.  Baldwin  Latham's  eicellent  work  on  Sanitary  Eugiueer- 
ing  (p.  101).  In  this  form  the  horizontal  diameter  is  two-thirds 
of  the  vertical  height,  the  radius  describing  the  invert  being 
one-fourth  the  horizontal  diameter.  The  semicircle  drawn  on 
the  horizontal  diameter  becomes  the  upper  portion  of  the  sewer, 
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while  the  segment  drawn  on  the  radins  forms  the  invert.  Bj 
continuing  the  horizontal  diameter  half  its  length  on  each  side, 
points  are  gained  from  wliich  an  arc  may  be  struck  for  the  sides  to 
perfect  the  egg-shaped  form.  (See  Drawing  I.,  Fig.  3.)  Mr. 
Hawksley  adopts  an  egg-shaped  sewer  of  his  own  form  (see 
Drawing  I.,  Fig.  3),  which  is  very  symmetrical,  and  in  which  instead 
of  the  vertical  depth  being  to  the  horizontal  diameter  as  3  to  2  the 
proportions  are  as  5  to  4.  To  ascertain  the  horizontal  diameter  by 
which  to  construct  an  egg-shaped  sewer  equal  in  capacity  to  a  cir- 
cular sewer  of  any  given  size,  Mr.  Hawksley  says,  "  Deduct  its 
ninth  part,  and  the  remainder  is  the  horizontal  diameter  of  an 
equivalent  oval  sewer.** 

Thus,  taking  a  3  feet  circular  sewer  as  an  instance,  the  horizontal 
diameter  of  an  oval  sewer  of  the  same  capacity  will  be  32  inches, 
while  the  vertical  depth,  which  should  be  as  5  to  4  of  the  horizontal 
diameter,  will  be  40  inches. 

I  give  here  a  Table  showiug  the  sizes,  circumferences,  and  sec- 
tional areas  of  circular  and  egg-shaped  sewers. 


Table  showiug  the  Circumference  and  Sectional  Area  of  Circular  and 

Egg-shaped  Sewers  of  different  Sizes. 


Egg-thaped 
Sewer. 

Egg-ahaped 

Sewer. 

Circular 

Qrcmn- 
ference. 

Sec- 
Uonal 
Area. 

Gircnlar 
Sewera. 

Circnm- 
ference. 

Sec- 

Sewers. 

tional 
Area. 

DUmeter. 

Depth. 

Width. 

Diameter. 

Depth. 

Width. 

a  in. 

ft  In. 

ft.  in. 

ftdeo 

ft.  dec. 

ft   in. 

ft  in. 

ft  in. 

ft  dec. 

ft  dec. 

1    9 

•  •  • 

•  •• 

6-497 

3-406 

6    9 

8  10 

16-861 

17-811 

3    0 

•  •• 

•  •• 

«-28a 

8141 

6    0 

4    0 

16019 

18-849 

2    3 

•  •• 

•  •• 

7068 

8-976 

6    0 

•  •• 

•  •• 

16-708 

19-635 

8    0 

3    0 

8009 

4-712 

6    3 

4    3 

16-686 

30-468 

S    6 

•  •  • 

•  •• 

7  854 

4-908 

6    6 

4    4 

17-864 

33123 

8    3 

3     3 

8-677 

6-630 

6    6 

•  •• 

17.378 

38-768 

3    9 

•  •• 

•  •• 

8-639 

6-939 

6    9 

4    6 

18021 

38-866 

8    6 

3    4 

9-344 

6-414 

7    0 

4    8 

18-689 

36-636 

S    0 

•  •• 

•  •• 

9-424 

7-068 

7    8 

4  10 

19-366 

27-623 

8    9 

3    6 

10-013 

7-368 

6    0 

•  •• 

•  •• 

18-849 

28-274 

4    0 

3    8 

10-679 

8-377 

7    6 

6    0 

30K)24 

39  463 

4    8 

3  10 

11-847 

9-467 

7    9 

6     3 

30-691 

31-448 

t    6 

•  •• 

10-995 

9-631 

6    6 

•  •• 

•  •• 

30-430 

3;)-]83 

4    6 

8"0 

12-014 

10-603 

8    0 

6    4 

31-868 

38-610 

4    9 

3    3 

12-681 

11-814 

8    8 

6    6 

33-036 

86-687 

4    0 

•  •• 

•  •• 

13-666 

12-666 

8    6 

6    8 

32-694 

87-880 

6    0 

8    4 

18-849 

11089 

7    0 

P... 

•  •• 

31-991 

88484 

6    8 

8    6 

14016 

14-432 

8    9 

6  10 

38-361 

40O88 

6    6 

8    8 

14-684 

16-888 

9    0 

6    0 

24028 

43-411 

4    6 

•  •• 

■  •• 

14-187 

16904 

7    6 

•  •• 

•  •• 

33-663 

44-178 

On  Drawing  IX.,  a  number  of  egg-shaped  and  circular  sewers  are 
given  in  juxtaposition  with  some  useful  data  for  construction. 
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LXXXIV. — Construction  of  Sewehs  and  Matebialb  to  be  ITsas. 
Having  spoken  somewhat  emphatically  of  the  advantage  of  render- 
ing all  Bewera  water-tiglii  as  fur  aa  it  is  possiblu  to  do  so,  it  will  bo 
my  object  now  t-o  point  oat  the  best  means  by  wliicli  to  arrive  at 
that  end.  The  difficulty,  with  a  limited  expenditure  and  under 
ordinary  conditions,  of  constructing  a  perfectly  water-tiglit  sewer 
must  be  generally  admitted,  and  it  is  for  that  reason  that  great  care 
must  be  taken  to  attain  that  end, 

The  materials  used  for  sewers  consist  of  (1)  bricks  laid  in  cement 
or  hydrsalic  lime  mortar,  (2)  stoneware  pipes,  and  (3)  concrete,  used 
separately,  or  in  coujnnction  with  bricks  and  pipes.  Iron  (4)  also  is 
need  where  the  sewer  has  to  be  taken  through  tmsound  ground,  under 
rivers,  and  in  special  cases,  through  closely  inliabited  districts. 

(\.)Brlci:SeJotrt. — In  theconstructionofbrick  sewers  it  need  hardly 
bo  said  that  bricks  of  the  best  quality  should  be  used.  I  do  not  moan 
tbftt  they  should  necessarily  be  radiated  bricks,  but  that  they  should 
be  well  burnt  and  well  shaped,  and  possess  adhesive  qualities ;  for  al- 
though the  presBure  of  the  outer  earth  upon  the  sewer  may  be  greater 
than  the  internal  pressure  of  the  sewage  outwards  when  tJie  sewer  ia 
full,  it  is  not  the  less  necessary  that  the  cement  or  hydranlic  lime 
mortar  in  which  the  bricks  are  hiid  should  adhere  to  the  bricks  where 
ft  water-light  condition  of  sewer  is  a  paramount  object.  Ill-burnt 
and  soft  bricks  ajiould  be  most  stringently  rejected.  Bougb  bricks, 
even  if  well-shaped  and  well-burnt,  should  not  bo  nscd  for  the  in- 
ternal lining  of  sewers,  aa  the  suspended  matters  of  the  sewage  will 
cling  to  them,  and  ultimately  coat  llicm  with  putrescible  substances. 
The  London  stock  brick  forms  a  very  good  sample  of  a  suitablo 
brick  for  Hewers.  Some  engineers  prefer  the  Ganit  brick,  but  though 
it  possesses  a  comparatively  smooth  surface,  and  therefore  can  be  ad- 
vantageously nsed  for  the  inner  lining,  its  lack  of  adhesiveness  does 
not  recommend  it.  The  bine  Stafford  shire  bricks  and  fireclay 
bricks  glazed  on  one  edge,  form  superior  inverts,  and  being  very 
hard,  strong,  and  smooth  will  resist  erosion.  They  arc  to  be  pre- 
ferred to  the  glazed  invert  blocks  which  have  been  much  recom- 
mended by  some  persons.     (See  Drawing  IX.) 

The  cement  or  lime  used  for  the  mortar  in  the  building  of  brick 
sewers  should  be  selected  with  great  care.  The  former  sboald  be 
Portland  cement  weighing  from  110  lb.  to  112  Ih.  to  the  striked 
bushel,  and  it  should  be  used  in  the  proportion  of  one  of  cement 
to  one  of  clean  washed  sand.  If  lime  be  used  at  all,  it  should  be  the 
best  hydranlic  or  blue  lias  lime,  Boman  cement,  which  sets  more 
quickly  than  Portland  cement,  may  be  aBefully  applied  as  an  insida 
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rendering.  Tiigre  is  nothing  connecied  with  the  construction  of  brick 
Bcwers  of  more  conneqaeuce  tliao  tho  mixing  of  either  cement  or  lime 
mortar,  aad  when  properly  mixed  it  ahonld  be  nsod  immediately. 

If  the  sewer  is  coDstructed  below  the  ordiua,ry  level  of  sabaoil 
water  the  utmost  care  is  required  to  keep  the  work  in  hand  above 
water  by  pumping  tintil  tjio  cement  or  lime  has  become  set. 

I  would  refer  you  to  Drawing  IX.  for  details  by  which  the  engi- 
neer can  readily  make  his  estimate  of  the  cost  of  eewere  of  difTercnl 
sites  and  characters. 

(2.)  Stoiieware  and  Eat-tienivare  Pipe  Seiivri, — None  but  the  beiit- 
formcd  and  bcst-bnrnt  stone  or  earthenware  pipes  ought  to  be  nsed 
for  sowers  of  any  size.  Stoneware  pipes  are  to  be  preferred  to  those 
made  of  fireclay,  though  If  the  lultcr  ai'e  well  made  and  well  burnt 
they  are  very  suitable. 

The  thickness  of  fireclay  pipes  should  be  greater  than  that  of  the 
beat  stoneware.  With  the  latter  the  tbiekness  should  never  be  less 
than  one-twelfth  of  the  internal  diameter.  In  the  smaller  sizes  this 
proportion  must  be  increased.  A  4-inch  pipe,  for  instance,  should  be 
at  least  half  an  inch  thick,  while  a  good  18-inch  pipe  need  not  be  moro 
than  1^-inch  thick.  The  depth  of  the  socket  should  increase  with 
the  diameter  of  the  pipe,  nothing  less  than  1^  inch  being  suf- 
Gcicttt  in  the  smaller  pipes,  and  something  more  than  2  inches  being 
desirable  when  the  diameter  exceeds  12  inches. 

In  laying  both  the  stoneware  and  the  earthenware  pipes  the  joints 
shoold  in  all  cases  be  caulked  with  tarred  goskin  and  laid  and 
finished  with  cement — or  in  some  cases,  clay — in  order  that  they 
may  bo  water-tight.  If  the  cement  or  clay  cracks — which  it  may 
do — the  gasktn  may  preserve  the  water-tight  condition  of  the  joint 
and  is  very  effective  in  excluding  sand,  even  if  snbfioil  water  should 
penetrate.  Great  care  is  necessary  to  prevent  the  pipes  moving  before 
the  cement  has  become  perfectly  set. 

Although  the  preferable  joint  may  he  made  of  tarred  ga^kin  and 
cement,  many  engineers  consider  that  if  the  jointing  is  carefully 
performed,  puddltd  clay  is  all  snfficient  for  the  purpose.  In  my 
opinion,  based  on  thirty  years'  experience  of  clay  in  every  shape,* 
this  matciial  cannot  bo  depended  upon.  When  the  soil  is  either 
always  dry,  or  at  one  time  comparatively  dry  and  at  another 
wet — and  such  conditions  of  soil  it  should  be  home  in  mind 
mast  iovariably  prevail  to  some  extent  in  the  sites  of  all  towns 
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— clay  ia  the  worst  jointing  raat«rinl  that  can  be  nacd.  In  winter 
the  subsoil  wat*r  rising  iu  the  gronnd  will  probably  keep  the  soil 
finrroanding  the  sewers  moist  and  the  chiy  puddle  in  a  state  of 
expansion,  while  in  anmreor  the  reverse  condition  will  prevail, — the 
anbsoil  water  will  then  sink  from  the  effects  of  evaporation,  the  soil 
will  become  dry  to  t!ie  invert  of  the  sewer,  and  the  clay  paddle  will 
contract  and  let  the  sewage  oat  of  the  sewer,  When  once  this 
natural  result  has  been  produced  all  chance  of  a  water-tight  condition 
recnrring  will  be  destroyed.  If  a  sewer  is  jointed  with  clay  pnddlo 
at  no  greater  depth  than  5  feet  from  the  surface  it  must  inevitably 
be  leaky.  I  have  been  recently  called  in  to  enamine  the  sewers  of  a 
district  on  the  new  red  sandstone  formation,  the  joints  of  which  were 
laid  in  clay  at  a  depth  of  from  8  to  12  feet  below  the  enrface,  and  I 
was  unable  to  discover  one  junction  which  I  conld  positively  declare 
to  bo  water-tight,  while  there  were  several  in  which  I  conld  insert  my 
finger  without  meeting  any  clay  at  all.  Doubtless  this  was  bad 
workmanship,  bnt  inasmuch  as  the  strength  of  any  chain  ia  to  be 
•ncnsured  by  its  weakest  link,  so  it  would  happen  iu  any  sewerage 
woik  whereclay  was  the  jointing  naaferial,  that  if  two  or  three  joiutsin 
a  hundred  yards  were  faulty  the  influx  of  subsoil  water  or  the  efflux  of 
sewage  would  amount  to  large  totals  and  frostrate  a  design  which  was 
perhaps  very  good  in  other  particulars.  I  should  explain  that,  ia  the 
case  I  refer  to,  the  jointing  consisted  not  of  a  band  of  puddle  bnt  of 
mrroly  the  insertion  of  clay  in  the  socket  between  pipe  and  pipe, 
with  a  shoulder  of  clay  abutting  on  the  flange  of  the  socket.  This 
I  believe  to  be  a  frequent  mode  of  using  clay,  and  it  explains  how 
in  certain  geological  formations  the  amount  of  water  supply  and 
the  quantity  of  sewage  discharged  from  the  sewers,  seldom  corre- 
spond. Moreover,  a  clay  joint  readily  yields  to  the  pressure  of 
sewage  outwards,  either  from  tho  admission  of  surface  water  into 
the  sewer  or  from  tho  use  of  water  or  sewage  for  flashing.  I  am 
BOW  dealing  with  a  case  (Hitchin,  Herts)  where  clay  puddle  was 
nsed  for  the  jointing  of  18-inoh  pipes  which  were  laid  below  the 
bod  of  a  river  and  iu  which  there  has  been  seen  alternately  fountains  of 
diluted  sewage  rising  up  through  the  joints  ^om  the  sewer,  and  eddies 
of  water  passing  down  from  the  river  through  the  same  vacancies 
into  the  sewer.  At  Hitchin,  surface  waters  (which  had  been  dtiignedly 
admitted  into  the  sewer)  were  the  cause  of  the  vagaries  which  the 
clay  joints  could  not  resist.  Under  favourable  circumstances  clay, 
with  gttskin  as  a  core,  may  form  a  suitable  jointing  material,  while 
it  will  be  cheaper  than  cement  and  gaskin,  but  at  a  rule,  engineers 
will  do  well  to  hesitate  in  adopting  it, 
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Wten  laying  pipe  sewers,  to  bo  jointed  either  with  cement  or  ciny, 
care  ehonld  be  taken  to  (loilow  out  the  bott-ora  of  the  trench  at  each 
joint,  ao  that  the  fall  length  of  the  pipe  between  joint  and  joint  may 
have  a  perfect  beaiing  on  Eolid  earth.  Much  depends  npon  the  lay- 
ing of  the  pipes  in  tme  position.  Wherever  the  aiae  of  the  pipe  will 
admit  of  it,  n  man  or  boy  should  be  employed  inside  the  pipes  aa 
ttey  are  being  laid,  to  make  good,  with  eomo  of  the  best  of  the 
jointing  material,  the  inaide  of  the  joint. 

If  there  is  any  doubt  abont  the  efficiency  of  tarred  gastrin  and 
cement  to  form  a,  perfect  joint,  a  band  of  concrete  muet  be  resorted 
to  as  an  additional  precaution. 

The  pipes  known  as  Stanford's  patent  joint  pipes,  shown  in 
Fig.  87,  are  provided  with  a  jointing  material  which  it  is  intended 


liall  obviate  the  necessity  of  using  either  cement  or  clay.  This 
material  is  caet  in  rings  npon  the  spigot  and  in  the  socket  of  each 
pipe.  The  casting  is  trne  and  smooth,  and  the  cnstora  when  laying 
the  pipe  is  to  grease  the  joints,  and  by  a  twist  of  the  pipe  to  fit 
them  closely  together.  I  have  not  yet  had  any  great  experience  of 
these  pipes  myself,  but  I  understand  that  they  have  been  adopted  in 
various  places  with  success. 

To  provide  a  means  of  removing  obstrnctions,  and  of  effecting 
junctions  in  pipe  sewera  aftey  they  are  laid,  some  engineers  recom- 
mend the  laying  of  some  half  pipes  with  half  soekets,  similar  to 
Fig.  88,  along  their  course,  and  in  the  exceptional  cases  where 
day  puddle  may  be  advantageously  used  they  may  be  in  their  pro- 
per place ;  but  seeing  that  the  halves  ehonld  conform  to  the  same 
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vraier'tight  oondition  as  the  rest  of  the  sewer,  it  is  obvioas  that  the 
means  which  must  be  takeu  to  render  them  so  mnst  to  some  extent 
defeat  tiieir  pnrpoBC,  as  it  would  bo  iiocossary  to  break  the  cover 
each  time  it  had  to  be  opoaed.  Bnt  even  with  this  drawback  the 
covers  afford  a  moro  ready  means  of  effecting  new  junctions  with 
communicating  Bcwers  than  wonld  exist  without  them  if  they  are 
£xed  in  the  proper  place. 

(3.)  ConcreU  Sewers, — My  observations  as  to  the  quality  of  lime  and 
oomont  for  use  as  mortar,  and  aa  to  the  mode  of  uaing  the  mortnr  in 
connection  with  brick  Hewers,  apply  with  even  greater  force  when 
used  in  the  form  of  concrete,  which  is  daily  coming  into  greater  use 
with  a  higher  appreciation  of  its  value.  Sewers  may  be  made  entirely 
of  concrete,  and  to  Mr.  Grant,  of  the  Meti'opolitan  Board  of  Works, 
we  owe  much  for  his  clear  exposition  of  its  utility.  I  have  shown 
on  Drawing  IX.  a  sewer  constructed  of  Portland  cement  concrete 
with  a  rendering  of  Roman  cement.  It  is  C  feet  in  diameter,  and 
will  cost,  exclusive  of  earthwork,  side  cntrancea,  junctions,  &c., 
about  18s.  per  iineal  foot. 

Mr.  Grant  has  tested  tlie  strength  of  concrete  of  different  pro- 
portions by  experiments,  the  result*  of  which  are  given  in  the  fol- 
lowing Table  compiled  by  Mr.  Latham." 


Prcgo^o. 

NdI  ConpmuHl  BlMiki. 
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Sol  In  W«ler. 

Sol  io  Air 
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'-IS'-* 

■9M. 

f>n.  per  loch. 
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■SOS 

loiw  par  hiolL 
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On  Drawing  IX.  illnstrationa  are  given  of  sewers  formed  of  a 
ring  of  4{-inch  brickwork  surrounded  by  concrete.  I  prefer  this 
character  of  sewer  to  all  others.  Ballast  of  a,  very  clean  descrip- 
tion, and  cement  of  the  best  quality,  well  mixed  in  the  proportion 
of  eight  of  ballast  to  one  of  cement  and  quickly  used,  will  give  a  very 
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fair  result,  tbo&gh  where  there  is  any  doubt  as  to  the  quality  of  the 
coostitaeuts  the  proporbions  toaj  be  advantageoaalj  altered  bo  seven 
or  six  to  one.  The  composition  may  nlso  consiat  of  mortar  mada  in 
the  proportion  of  thi-ee  of  sand  to  one  of  good  hydriiulic  lime, 
mixed  with  the  same  bulk  of  shingle  or  washed  gravel,  Wheu 
prepared  it  should  be  rammed  into  form  while  in  a.  wet  condition, 
and  it  is  better  to  use  the  concrete  in  too  wet  rather  than  in  too  dry 

(4.)  Iron  Fipes — Bieer  CrosMnfft  and  Sewer  Defleclions.—Thme 
mil  seldom  be  a  sewerage  work,  however  small,  in  which  iron  pipes 
will  not  be  used  in  some  parts  of  the  works,  either  in  crossing  under 
rivers,  or  from  one  side  of  a  valley  to  the  other,  or  in  passing 
through  unsound  ground  or  in  other  special  cjises.  To  seonre 
the  requisite  thickness  of  iron  pipes  for  any  special  purpose,  it  is 
desirable  to  make  a  liberal  allowance  for  possible  defects,  and  all 
pipes  should  be  tested  before  use  by  hydraulic  pressure.  It  has 
been  Inid  down  that  the  resistance  which  a.  pipe  oflers  to  the  internal 
preesure  tending  to  burst  it,  is  equal  to  the  cohesive  strength  of 
its  two  sides,  and  the  effective  area  of  pressure  is  the  internal  dia- 
meter of  the  pipc,aud  some  veijusefnldatalnpon  this  subject  nre  given 
by  Messrs.  Byrne  and  Spnn  in  their  "  Dictionary  of  Engineering." 
They  say,  "  If  the  tensile  strength  of  cast  iron  is  taken  as  15,000  lbs. 
to  the  square  inch,  the  thickness  of  a  pipe  to  be  subjected  to  water 
pressure  will  bo  given  by  the  formula 


■43S  H  R 


=  -0000288  H  B, 


in  which  H  represents  the  head  of  water  in  feet,  and  It  the  radius 
of  the  pipe  in  inches.  Substituting  the  diameter  for  the  radius, 
the  formula  becomes  -00001+4  H  D.  A  pipe  having  this  thickness 
is  strained  np  to  the  bursting  point.  If  we  take  ten  as  the  factor 
of  safety,  we  have  as  the  formula  giving  the  requisite  tliickness  in 
practice,  t  =  -003144  H  D.  Thus  suppose  a  10-inch  pipe  to  be 
subjected  to  a  pressure  of  200  feet  head ;  the  requisite  Ihickneas, 
as  given  by  the  foi'mula,  is 

■000144  X  200  X  10  =  -288  inch." 

"This  is  less  than  the  necessary- practical  thickness,  and  the  least 
thickness  that  can  be  cast  will  possess  an  excess  of  strength  in  this 
case.     If  the  head  were  400  feet  the  thiokness  would  bo 

■O0O144x400xl0=-576 
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The  following  Tables,  extracted  with  the  permisaioii  of  Mr.  Box 
from  his  admirable  treatise   on    "Practical    H<?dratiltos,"   will   be 


Table  o(  the  ProporUons  of  Joints,  &o.,  for  ClaBt-iron  Socket  Pipes. 
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Table  of  the  Proportiona  of  Caat-iro 

ti  Fknge  Pipes. 
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Wronght-iron  tubes  are  very  neefnl  for  special  croaaings  where  a 
girder  form  of  conelrnctlon  can  be  adopted,  snch  as,  for  instance, 
when  crossing  rivers  where  anpporting  piers  would  be  objectionable. 

Threo  illastrations  of  the  way  in  which  rivers  may  be  crossed  by 
iron  pipes  laid  beneath  their  bed  arc  given  in  Drawings  IX.*  and 
IX.'. 

Drawing  IX.*  illnstrates  the  means  which  Mr.  White,  C.E.,  of 
Oxford,  has  adopted  for  taking  a  sewer  imder  the  Cberwell.    The 
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tube  in  this  case  (tie  form  of  whicli  ia  given  in  section)  is  supported 
by  brick  piers  and  concrete;  ibe  tube  being  wholly  surronnded  by 
concrete  in  ita  bed  nnder  the  river.  Between  the  flanges  of  tbo 
tube  TalcaniBed  indin-rnhbcr  waahcra  three-eighths  of  an  inch  thick 
are  placed,  and  these  are  screwed  together  by  fivefcighths  bolte  and 
snts. 

Drawing  IX.'  showst  wo  other  means  of  crossing  under  riTors 
by  iron  pipes,  in  the  one  case  by  a  stmight  line  from  chamber  to 
chontber  and  in  the  other  by  a  deflection.  It  will  be  obttervcd  that 
a  chain  is  placed  inside  the  latter  which  may  at  any  time  be  drawn 
backwards  and  forwards  so  as  to  stir  and  set  in  motion  any  sedi' 
mentary  sabetanoes  which  might  possibly  deposit  themselves  and 
adhere  to  the  pipes. 

There  have  been  objections  raised  from  time  to  time  to  the  taking 
of  sewage  nnder  rivers  by  inverted  ajpbons  or  dcflect«d  pipes,  bat 
they  have  been  advanced  more  &om  unfounded  prejndice  than  Irom 
positive  experience.  In  many  important  towns  in  this  and  other 
countries  sewage  has  been  taken  by  these  means  from  one  side  of 
a  river  to  the  other  without  difliculty. 

I  must  not  quit  the  subject  of  this  section — the  construction  of 
sewers  and  the  materials  used  in  them — ivitbout  pointing  out  the 
fact  that  in  the  excavation  of  trenches  and  in  tlie  driving  of  adits  or 
tunnels  for  the  laying  of  sowers  through  different  soils,  and  in  sup- 
porting them  where  the  ground  is  treacherous,  the  practical  experience 
and  ready  judgment  of  the  engineer  will  bo  tried  to  the  utmost. 

I  regret  that  the  time  at  my  command  will  not  allow  me  to  do 
more  than  make  this  passing  remark. 

J, XXXV. — Seweb  Applu^ces. 

(1.)  Manholes  and  Lampholtt. — In  a  previous  section  (Section 
LXXVIII.}  it  was  stated  that  manholes  and  lampholcs  at  the  junc< 
tions  of  common  sewers,  at  the  angles  of  direction,  and  at  changes 
of  gradient,  form  »  fundamental  feature  in  systematic  sewerage, 
inannnch  as  they  serve  tbo  several  purposes  of  flushing,  examining, 
clearing,  and  ventilating  the  sewers.  There  need  therefore  be  little 
more  said  as  to  their  utility. 

The  size,  form,  and  character  of  manholes  vary  considerably.  In 
Drawings  X,,  XI.,  and  XIII.  will  be  found  some  of  the  most  ap- 
proved designs  adopted  by  (he  leading  engineers  of  this  country. 

The  mode  of  entering  a  manhole  is  effected  in  different  ways.  If  it 
ia  constructed  after  the  manner  of  a  vertical  shaft,  it  may  be  entered 
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Flood  and  Co.,  of  New  Bridge- street,  Blackfriars.  Tbose  adapted 
for  manholes  are  Bimilar  in  design  to,  bat  nre  larger  in  aize  tiian, 
those  used  for  lampholes.  Whore  manholes  are  intended  for  access 
to  doors  or  gatea  fised  in  the  larger  sewers  for  the  purpose  of  dash- 
ing them,  the  side  entrance  possesses  great  advaatagea  over  the 
vertical  one,  as  the  mode  of  construction  enables  a  man  vcrj'  I'eadily 
to  bring  the  gates  or  door-vfllves  into  action.  I  shall  aay  a  few 
words  on  flosliing  directly. 

Below  the  grating  which  forms  tho  covering  of  the  manhole  there 
should  be  a  dirt  box  (see  Fig.  90)  fiied  to  intercept  the  solid 
matters  which  find  their  way  through  it,  and  which  if  allowed  to  fall 
to  the  bottom  of  the  shafts  would  obstruct  the  flow  of  the  sewage. 
The  position  of  the  dirt  box  in  the  manholes  and  lampholes  is 
shown  on  Drawings  XI.,  XII.,  XIII.,  as  well  as  in  Fig.  'JO. 

The  pmotlce  of  providing  ventilating  side  chambers  with  gratings 
in  connection  with  manholes  having  themselves  solid  covers,  is  doubt- 
less a  good  one,  as  the  dirt  falls  into  the  side  cliamber  instead  of  the 
manhole.  This  arrangement  is.  adopted  at  Liverpool  and  other 
places  with  good  effect,  and  is  shown  by  the  designs  of  Mr.  Deacon, 
Mr.  Tarbotton,  Mr.  Till,  Mr,  Thorbnm,  and  Mr.  Rawlinson.  (See 
Drawings  X.,  XI.,  and  XIII.)  The  side  ventilating  chamber,  how- 
ever, is  just  as  liable  to  be  filled  iTith  stones  and  mod  from  maC' 
adamisod  roads  as  the  dii-t  bos  placed  in  grating-covered  manholes, 
and  the  engineer  will  therefore  have  to  balance  the  respective  advan- 
tages and  disadvantages  of  each  in  making  a  selection.  The  sns- 
pendcd  dirt  box  which  I  adopt  is  less  capacioDs  than  the  chamber 
referred  to,  but  as  it  is  much  more  readily  emptied  no  incon- 
venience is  experienced  on  that  account.  It  may  be  said  to  impede 
ventilation,  but  if  it  ia  formed  with  a  sufficient  opening  on  each  of 
the  fonr  sides  I  do  not  see  that  this  objection  applies. 

Two  descriptions  of  latupboles  are  illustrated  on  Drawing  XIF. 
They  geoeraUy  consist  of  stoneware  pipes  of  different  sizes,  placed 
on  end  above  small  chambers  bui^t  of  bricks  or  concrete  in  the  coarse 
of  the  sewer.  Where  they  are  inserted  in  the  course  of  straight 
pipe  sewers,  they  may  be  vertically  connected  with  them  by  ordi- 
nary junction  pipes  fitting  the  sowers. 

(2,)  Fluihing  ArrangemenU  and  Pemtocks. — Thei-e  are  few  systems 
of  sewerage  in  which  the  arraugemenls  are  snchas  to  render  flushing 
altogether  unnecessary.  Sewage  may  be  so  diluted  hy  foreign  water 
that  it  may  of  itself  be  sufficient  to  keep  the  sewers  clear,  bat  at 
the  uppermost  ends  of  sewers  this  favourable  condition  cannot  be 
attained,  and  recourse  must  be  had  to  some  additional  means  of 


fMJ 


£it^uua%n0;-  THE    TOWN    and  VILLAGE. 

Onmimg  XOI. 


\Adopteeb  lyMeM^ BaMle^2>eiUoiv.S<m-tJrorUu 

^himg  Vein'.  JiriOt.  Sffmer  wiATentaieau 


\ 

i 

mA 

Scai 

.1 


THE  TOWN  AND  THE  VILLAGE. 


203 


Half  gatea  of  this  kind  may  be  ailvauiageonsly  onei  ia  manlioleB 
where  the  sewers  aro  of  large  bizo.  bat  witli  small  sewera  whole 
gates  or  valves  are  better,  Ontes  should  be  maiJe  to  sliat  wjaimt 
the  Qaw  and  to  open  with  it.  Where  the  sewers  are  made  of  pipes 
a  simple  flap  arranged  to  open  the  reverse  way— t.*.,  against  the 
flow — fixed  to  the  oatgoing  pipe  and  made  capable  of  being  worked 
by  a  cham  from  the  top  of  the  manhole,  may  be  made  to  do  a 
similar  diiiy.     (Sec  Drawing  XIII.) 

Penstocka  nnsiver  very  much  the  same  purpose  as  flush  gat«a, 
tbongh  the  mechanical  arrangements  by  which  they  are  worked  are 
different.    The  difl'erence  consists  in  I'lo.  9i. 

the  penstock  acting  vertically,  and 
moving  gradnally  by  worm  and  rack- 
work  in  a  chamber  devoted  to  thu 
pnrpose,  while  the  flnshgate  generally  ( 
works  on  hinges  horizontally  and 
suddenly. 

The  working  of  penstocks  will  bo 
easily  understood  by  an  eiaminatioii 
of  Dmwing  XIII.,  and  of  the  de- 
tailed iUBetrations  given  by  Fi^. 
92,  93,  aod  94,  which  show  two  (Pigs. 
92  and  9ft)  of  Messrs.  Waller's,  and 
one  (Fig.  84)  of  Messrs.  Stone's  pen- 
stock8,and  which  maybe  taken  asil- 
Instrativaof  those  now  in  general  nse. 

Therawfftll  to  be  collected  fi-om  the 
surface  of  streets,  too,  may  be  utiliBcd. 
ns  already  mentioned,  by  aceuring  its 
collectioniii  n  tank  placed  beneath  tliL' 
side  of  ^a  road,  and  constrnotcd  on 
the  same  principle  as  tbo  self-acting 
sewage>xeguIator  (Drawing  IL  Ap- 
pendix), tnd  Field's  flnah  tank  (Fig. 
30),  the  discharge  being  efll-cted  by  a. 
self-acting  syphon  when  snfiicieiit 
water  isDollccted.  An  arrangemeut 
of  this  kiadte«hown  npgn  Urawing 
XrV.  by  Fig.  5,,  The  detritus  from 
the  road  is  intercepted  in  one  cham- 
ber (marked  a  an  the  drawing 
referred  to),  while  the  water  passes 
p  2 
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flnshing  has  risea  in  the  tank  to  the  crown  of  the  syphon,  ereiy  drop  of 
rain  falling  on  a  small  contribatlng  anrfacc  may  be  turned  to  account. 

The  admiaaion  of  water  into  sowera  ia  eometimea  effected  by  a 
dii'cct  oonnection  between  the  water  snpply  of  the  town  and  certain 
mHuholes,  but  this  armngcment  is  wrong,  ajid  carriea  with  it  an 
objection  which  mnst  prevent  its  genertil  adoption,  for  water  is  a 
rapid  absorber  of  sewer  gas. 

Where  there  is  a  considerable  quantity  of  water  at  oommand  £ 
flashing,  the  operation  is  better  commenced  from  the  lower  e 
of  the  eewers,  but  where  on  the  contrary  the  water  is  scarce  thefl 
flushing  liqnid  mnst  be  made  to  do  its  full  amount  of  dntj  bf| 
detention  at  several  manholes  in  snccession  from  the  head  dowo-V 
wards.  It  ia  quite  possible,  as  Mr.  Bawlinson  Bays  in  Iiis  "  Sugi-  \ 
gestioDB,"  to  overflush  sewers,  and  disturb  them  in  their  bedsi'^and 

I  will  add,  to  force  clay  jointa, 

(il.)  Gulliet. — The  provision  of  gullies,  in  proper  positions,  through 
which  the  surface  waters  from  streets,  roads,  pavements,  yards,  and 
courts  may  find  their  way  into  the  common  sower  or  pasa  off  by 
separate  drains  to  the  sarfnce  streams  or  watercourses,  mUGt  also 
receive  careM  consideration  when  designing  the  sewerage  syetem  of 

II  town  or  Tillago. 

The  gulliea  now  in  use  differ  in  their  distingnishing  features  in  two 
particulars — the  one  being  a  conjparatively  shallow  receptoole  covered 
by  a  grating  through  which  the  water  and  the  road  detritus  pass 
together  into  the  sewer  or  surface  drain,  the  other  consisting  of  a 
calchpit  in  whioli  the  detritus  deposits  itself  while  the  liquid 
alone  passes  onwwds.  The  latter  deecripliou  should  bo  inva- 
riably adopted  wben  tho  gullies  are  connected  with  the  sewora, 
for  if  the  solid  particles,  which  are  washed  off  from  the  roads 
and  streets  in  times  of  rainfall,  find  their  way  into  them,  not  ' 
only  do  they  create  obstruction  and  difficulty,  but  their  snbse-' 
qncnt  removal  alter  collection  is  effected  at  a  greatly  increased  cost,  I 
Indeed,  Sir  Joseph  Bazalgette,  when  giving  evidence  before  tho 
Committee  of  the  Honse  of  Commons  on  the  Birmingham  Sewage 
Bill  in  1872,  went  bo  far  aa  to  say  that  whije  it  would  cost  only  half 
a  crown  a  yard  to  remove  the  detritus  when  caught  by  gully  catoh- 
pita,  the  removal  of  the  same  quantity  at  the  outfall  when  once  ad- 
tnitted  into  tho  sewers  would  involve  an  ontlay  of  20a.  or  21s. 

Tho  depth  of  the  gully- catch  pit  for  the  interception  of  the  aolid 
matters  wilt  depend  upon  the  nature  of  the  roadway  or  street,  as 
well  as  upon  the  inclination  of  the  surface.     For  paved  streets  and  1 
regular  surfaces,  for  instance,  it  will  not  be  necessary  to  make  so  .4 
great  a  provision  aa  ^in  cases  where  the   streets  arc  macadamised 


THE  TOWN  AND  THE  VILLAGE. 


207 


and  where  the  inclinations  are  steep.  la  the  mefcropoUa  the  sizes 
of  the  gullies  vary  considerably,  some  of  them  holding  40  and  others 
OB  much  as  90  cubio  feet  of  deposit.  The  degi-ee  of  attention  given 
or  rather  required  to  be  given  by  local  authorities  to  the  emptying  of 
cutchpiUgullies  may  influence  the  size  of  the  receptAoles,  for  the 
more  frequently  they  are  eniptiod  the  lessj  of  course,  need  be  their 
capacity.  They  will  generally  bo  larger  in  rural  towns  with  mac- 
adamised roads  than  in  towns  with  payed  streets. 

Where  gullies  connected  with  aewers  exist  by  the  side  of  footpaths 
in  much  frequeuted  streets,  and  in  yards  and  coui-ts,  special  care 
shonld  be  taken  toprevent  the  escape  of  the  gases  of  the  sewer,  by  the 
most  efficient  means  of  trapping.  Tbia  object  is  eflected  in  most  of 
the  gullies  no\f  iu  use  by  the  common  dip  arrangement,  of  which  Figs. 
05  and  !)6  are  examples;  iu  others  by  bonds  or  elbows  iu  the  pipe 
coDCocting  them  with  the  sen-er;  and  in  others  by  self-acting  balance 
metal  valves.  Those  gullies  iu  which  thu  water  itself  is  used  as  a. 
means  of  trapping  are  better  than  those  provided  with  metal  balance- 
valves.  The  latter  are  sometimes  used  where  the  road  detritus 
and  other  solid  matters  are  admitted  into  the  sewer.  They  are  sub- 
ject to  derangement  by  a  portion  of  the  solid  matter  resting  on  the 
valve  and  preventing  its  closing  perfectly,  in  which  cose  the  gases 
which  the  valve  ought  to  eiclude  escape  into  the  street  or  yard. 
But  even  if  the  valve  shuts  closely  when  not  in  action,  directly 
it  is  opened  by  the  force  of  the  descending  water  and  its  solid 
matters,  the  gases  that  have  collected  beneath  it  will  rise  upwards 
and  escape.  The  disadvantage  of 
using  water  as  il  means  of  trapping 
consists  in  the  fact  that  the  water 
is  apt  to  be  evaporated,  and  it  is  oc- 
casionally necessai-y  to  fill  the  recep- 
tacles with  water  by  hose  or  watei-- 
carta. 

Fig.  PS  shows  a  street  gully  of 
the  "  dip"  kind  manufactured  by 
Messrs.  Donlton.  It  is  made  of 
various  sizes,  and  being  of  one  piece 
of  stoneware  is  not  liable  to  leakage 
— a"  remark  whicli  will  not  always 
apply  to  those  constructed  of  brick- 
work. The  level  at  which  the  water 
will  be  retained  above  any  deposition 
of  solid  mutter  in  this  gully,  and  so 
insure  its  acting  as  a  trap,  U  shown 
by  a  dotted  line. 
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Fig.  90  represents  another 
tbe    dip -trap    gTillii 
use — Lowe's     gully,    ntannfa 
tiircd    by    Mesars.    Stono    ani 
I'...,  ofneptforJ.     This  gaily  id! 
made  of  iron,  and,  as  in  the 
cnse,  the   removal  of  the  roa( 
detritus  and  other  solid  matt«r; 
collected    in  it  ia  effected 
means  of  a  scoop. 

The  next  tn-o  gnllJee  are  alaol 
of  the  dip  character,  bnt  diffe 
from  the  two  just  described  by  containing  a  moveable  receptacle, 
which  the  road  dirt  is   collected,   and  by  which  the   trapping 
effected.    These  dirt  boxes  are  removed  and  cmpfied  periodicaliyi 
.  and  with  little  labour. 

^^L  In  Fig,  HT  the  trapping  is  effected  first  by  the  shoot  below  the 

^^H  grating,  which  descends  a  little  way  into  the  water  retained  in  the 

^^B  p      y-  dirt   box,   and   next  at   Ibe 

L 


bottom  of  the  outer  case, 
where  the  mouth  of  the  com- 
municating sewer  rises  above 
the  level  of  the  lower  sides  of 
the  dirt  box,  round  which  the 
liquid  travels  to  the  sewer. 
The.water  forming  this  latter 
trap,  being  protected  irowi 
the  rays  of  the  sun,  is  not 
so  readily  evaporated  as  it 
otherwise  would  be.  This 
fjiilly  in  manufactured  by 
ilessrs.  Stono  and  Co.  A 
uomewhat  similar  golly  ia 
made  by  Sharpe,  of  Lan- 
caster. 

In  Fig.  98,  which  rcpi-escnts  the  patent  gnlly  of  Clark,  of  Carlisle, 
e  trapping  ia  effected  in  three  places  instead  of  two — first,  by 
eans  of  the  shoot  into  the  dirt  box ;  second,  by  means  of  the 
cups  in  which  the  dirt  box  rebts ;  and  third,  at  the  concave  bot- 
tom of  the  gully  itself.  In  this  case  the  edging  of  the  dirt  box 
forms  a  grating  to  keep  back  any  floating  material  likely  to  cause 
obstruction,  while  it  leta  the  water  pass  away.     This  gully  has  been 
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adopted  with  ancceaa  in  several  places,  and 

Mr.  BrentnaU,   the  town   sorveyor  of  Tnn- 

bridgo  Wells,  writpa  me  that  its  efficiency 

is  beyond  doubt,  espeeially  if  the  silt  boiE 

are  frequently  emptied.     A  gully  made  b 

Butt,  of  Gloncester,  is  of  a  somewhat  ei- 

milar  description  to  the  foregoing. 

In  Drawing  XTV,  I  have  given  one  or 

two  other  forms  of  gnlhee.      Fig.  1  shows 

the  double -trapped  gnlly  of  Mr.  Newton, 

of  Maachestcr.     It  has   been   used  esten- 

sively  in  the  towns  of  Bolton,  Blackburn, 

Bochdde,    Preston,     Huddersfield,    War- 
rington, and  Blackpool. 

Fig.  2  shows  Alexander's  gnlly,  which 

has  been  extensively  used  in  Leeds,  and  Mr.  Morant,  the  borongh 

engineer  of  the  town,  tells  me  he  has  found  it  to  answer  well. 

Fig.  3  abowa  an  arrangement  of  gnlly  designed  by  Mr.  Love- 
grove,  C,E.,  and  Fig.  4  a  gnlly    designed  by  Mr.  Arthar   Jacob, 

the  borough  engineer  of  Barrow- in- Fame  as. 

Fig.  5  exhibita  the  gnlly  to  which  I  have  referred  when  speaking 
of  the  flnahing  of  sewers,  and  which  serves  the  double  purpose 
of  a  catchpit  and  a  self-acting  flush-tank. 

A  self-acting  balance  valve  arrangement  lias  been  designed  and 
manufactured  by  Messrs.  Waller  and  Co.  It  is  made  of  either  gal- 
vanised or  no  a- galvanised  iron,  and  the  cup  is  so  weighted,  or 
balanced,  that  tlie  pressure  of  a  greater  quantity  of  water  than 
is  sufficient  to  help  the  cup  to  effect  the  desired  trapping,  or  of 
solid  matter  to  add  weight  to  the  water,  will  cause  it  to  tip  and  dis- 
charge the  contents  into  the  sewer.  I  have  alreajiy  pointed  out, 
and  need  not  repeat,  the  objections  which  appear  to  me  to  exist  to 
this  character  of  trap. 

Figs.  99  and  100  show  an  arrangement  in  which,  in  addition  to  tbo 
water  trap,  a  metal  flap  or  valve  is  so  hung  as  to  assist  in  cutting  off 
the  gas  of  the  sewer. 

The  gnlly  shown  by  Fig.  99  is  one  made  by  Meaara,  J,  G.  Stidder 
and  Co.,  of  London.  The  trap  is  so  arranged  that  it  can  be  readily 
bolted  to  the  side  of  the  gaily  pit.  It  consists  of  a  cast-iron 
facing-plate,  to  which  is  attached  a  hood  dipping  from  above,  and  an 
inverted  hood  rising  from  below.  A  flnp.valve  is  also  provided, 
opening  only  towards  the  sewer.  The  water  entering  the  gnlly 
passes  beneath  the  edge  of  the  upper  hood  and  over  the  edge  of  the 
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inyerted  hood,  thus  forming  a  trap  when  fall  of  water.  All  water  in 
excess  of  tbat  required  to  fill  tKe  pit  (A)  paasea  throngli  the  valve  to 
the  sewer.  The  flap-valyo  in  tiiia  description  of  gully  is  useful,  not 
onl;  aa  a  ateuch  trap  to  act  when  that  formed  by  the  water  £ii1s 
owing  to  evaporation,  but  as  a  means  of  preventing  the  passage  of 
vermin, 

The  gaily  repreaeatod  by  Fig,  100  ia  one  having  a  aimilar  com- 
pound airaiigemeDt.  It  ia  mode  by  Kfcssra.  Doulton,  and  will  be 
underatood  without  descriptiou. 

(4.)  Storvi  Overjlowt  and  Tidal  or  Outlet  Valvei.~l  have  already 
referred  in  Section  LXXII.  to  the  necessity  which  ciiats  of  provid- 
ing storm  overflows  for  the  escape  of  any  excess  of  water  wbicb 
may  find  its  way  from  the  streets  and  roads  into  the  sowers  in  times 
of  heavy  downfiillB  of  rain,  These  storm  overflows  serve  as  safety 
valves  to  tbe  sewerage  system,  and  should  bo  placed  in  each  posi- 
tions that  a  direct  commtmicatiou  with  the  sea,  river,  or  watercourse 
forming  the  natural  ontfall  of  the  district  may  be  readily  gained. 
Tbe  precise  shape  they  should  take  and  the  mode  of  connecting  them 
with  the  sowers  will  bo  determined  by  local  features.  (See  Draw- 
ings IX."  and  XV.,  which  exhibit  overflows, — one  into  a  river  and 
the  other  into  the  sea.) 

Mr.  Baldwin  Latham  has  snggested  that  the  outlet  drains  con- 
veying surface  waters  from  streets  and  yards  to  a  river  should  be  so 
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contrived  and  connected  with  any  intercepting  or  outfall  sewor  which 
they  niay  crosa  thatthoy  ah  all  drop  into  it  the  whole  of  their  coutenta 
np  to  a  certain  qoantity,  all  excess  heyond  that  quantity  being 
carried  forwai'd  by  its  own  velocity  to  the  river.  Thta  Euggeetion 
of  ^[r.  Latham  in  iUostratcd  by  a  drawing  in  bis  work  on  "  Sani- 
tary Engineering,"  and  is  described  in  the  following  torma  : 

"  The  sewer  for  conveyiog  rainfall  is  assnmed  to  bo  2  feet  in 
diameter,  and  h&s  a  rate  of  inclination  of  1  in  -jIjI},  and  it  is  sup- 
posed to  cross  over  the  intercepting  sewer  on  its  course  to  a  river. 
At  the  point  the  sewers  cross  an  opening  is  made  in  both  sewers, — in 
the  bed  of  the  rainfall  sewer  and  in  the  crown  of  the  intercepting 
sewer.  In  this  case  the  opcntug  is  supposed  to  be  1  foot  wide, 
and  at  the  point  of  opening  a  sudden  fall  is  given  to  the  nunfall 
sewer,  makiDg  a  step  of  2  feet  in  the  sewer.  "When  3  inches  in  depth 
of  rainfall  flows  through  the  rainfall  sewer,  the  velocity  of  the 
curi-ent  will  be  1.0  foot  per  second,  and  in  order  to  pass  the  opening 
1  foot  wide  the  step  fonning  a  weir  should  be  6.'2d  feet;  hut  as  it 
is  only  2  feet,  all  the  water  Bowing  down  the  sewer  would  pasa  into 
the  intercepting  sewer-  When  <3  inches  in  depth  of  water  is  ran- 
niug  through  the  2  feet  i-ain&U  sewer  the  velocity  of  current  will 
be  2'25  feet  per  second,  and  in  order  to  pasa  the  opening  the  stop  should 
bo  3'26  feet,  so  that  this  qnantity  will  also  pass  iuto  the  iutercepting 
sewer.  When  the  I'ainfall  sewer  runs  half  full,  the  velocity  will 
be  3  feet  per  second,  and  iu  order  to  pass  the  opening  the  step  or 
fall  should  be  1'70  foot ;  but  as  in  this  case  it  is  stated  to  be  2  feet, 
all  the  water  brought  down  by  the  I'ainfall  sewer  will  pass  over 
the  opening  and  will  he  discharged  direct  into  the  river,  instead 
of  passing  into  the  intercepting  sower;  and  so  by  adjusting  the 
width  of  the  opening  into  the  intercepting  sewer  or  the  amount  of 
fall  at  the  weir,  any  given  amount  of  rainfall  may  be  made  to  pasa 
into  the  sewers,  or  be  discharged  into  the  streams  of  the  district  as 
may  be  required." 

A  somewhat  similar  arrangement  has  beea  adopted  at  Hochdale, 
by  Mr.  Hewson,  the  borough  engineer. 

Self-acting  valvoa  or  flaps,  of  which  Figs.  101  and  102  aro 
examples,  are  also  necessary  provisions  in  most  sewerage  systems. 
Sueh  coutrivauoea  are  nndoubtedly  necessary  wherever  the  sewers  dis- 
charge into  the  sea,  or  into  a  tidal  river  below  high  water  level,  not 
only  to  prevent  the  inflow  of  the  sea-water,  but  to  keep  out  the  wind 
and  prevent  the  driving  back  of  the  sower  gases  into  the  streeta  and 
houses  in  times  of  storms.     Flaps  are  sometiiaes  advantageously 
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Ipswich,    and   many  other 

ma  of   unnanally  high  tides, 

icilc  the  practice  with  soand 


tidal   waters,   exist   without  valve   or 
water  being  allowed  to  rise  up  them 
Tliis  practice    prevails    at    Liverpool, 
towns,  flooding   the  cellars  on  oc 
and  thus  making  it  difficult  to  i 
Kiinitary  principles. 

I  need  not  observe  that  all  tidal  valves  should  be  truly  balanced 
and  self-acting,  so  as  to  yield  to  the  slightest  pressure.  They  ahonld, 
of  course,  be  close-fitting  to  esclude  the  outer  water.  They  should 
also,  when  facing  the  sea,  be  protected  from  the  direct  action  of  the 
waves,  Bfl  the  sudden  motion  of  the  valve  backwards  and  forwards 
gives  impulse  to  the  sewer  air,  and  causes  it  to  force  its  way  upwards 
into  houses  in  defiance  of  traps  and  syphons. 


Some  very  serviceable  flaps 
fur  the  ends  of  sewers  and 
drains  are  made  and  kept 
in  stock  of  different  sizes  by  . 
Messrs.  Barford  and  Perkins, 
of  Peterborough,  and  are  il- 
lusti-aled  by  Figs.  105  and 
loo. 
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LXXXVI. — Seweb  VENrTLJiTiON.  Althongh  there  are  few  things 
connected  with  our  subject  so  important,  there  is  no  doubt  that  up 
to  the  present  moment  the  several  means  adopted  for  the  ventilation 
of  sewers  have  fiiiled  in  the  attainment  of  a  satisfactory  result.  It 
is  hardly  necessary  to  say  that  wherever  sewer  gasos  escape  into 
dwellings  they  have  nn  injurious,  if  not  a  dangerous,  effect,  and 
that  everything  that  can  be  done  should  be  effected  to  prevent  their 
entry.  Uniform  aeration  of  the  common  street  sewers  by  frequent 
ielets  of  pure  air  iind  outlets  of  fiml  air  seems  the  only  means  of 
ventilation  which  bears  the  test  of  experience. 

(Inch  lias  been  s^d  in  &roiir  of  the  use  of  charcoal  lo  purify  effla- 
viuiD,  and  of  all  deodorising  substances  it  seems  to  have  the  greatest 
power  of  absorbing  and  overpowcrirg  organic  inipurities.  In  support 
of  it,  the  chemist  declares  that  the  destroying  property  of  charcoal 
takes  effect  imperceptibly,  and  that  "  its  power  of  burning  organic 
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matter  is  continually  rouowcd  by  the  Borroanding  almosplicre,  so  that 
it  is  a  constant  carrier  of  atmospheric  oxygen  in  a  condensed  state  in 
its  jiorea.  The  oiygoa  tliat  acts  on  organic  matter  and  barns  it  up  is 
speedily  replaced,  and  the  process  goes  on  continually.  Hence  it  is 
that  a  comparatiTely  small  qaantity  of  wood  or  peat  charcoal  is 
capable  of  desti-oying  a  largo  quantity  of  organic  matter," —  Foitlcker. 
For  these  reasons  charcoal  has  often  been  introduced,  and  placed  in 
trays,  within  ventilating  shafts.  In  one  of  the  manbolos  shown  on 
Drawing  XI.  the  tray  of  charcoal  may  be  seen.  Mr.  Bikwiinson  has 
had  great  faith  in  charcoal,  and  recommends  it  still.  (See  "  Sngges- 
tions").  Mr.  Latham  too  has  patenteda  ventilator,  and  there  can  bo 
no  donbt  that  benefit  may  be  derived  from  its  nso  in  certain  cases, 
but  such  instances  I  believe  to  be  few.  The  efficacy  of  charcoal 
depends  so  mnch  upon  its  being  kept  free  from  dust  and  in  a 
dry  condition,  that  its  purifying  funetiona,  when  used  in  oonnection 
with  sewers,  soon  cease  to  hare  any  effect.  Wliere,  therefore, 
aiiratiou  can  bu  gained  by  manhole  and  lampholo  openings  at  re- 
gular and  freqnent  intervab  throughout  the  sewerage  system,  with 
occasional  shafts  for  ventilation  only,  aided  by  private  ventilating 
outlets  above  dwellings,  reconrso  to  charcoal  ia  undesirable.  It 
is  in  fact  so  often  an  evil  rather  than  a  benefit,  that  as  a  rule 
charcoal  should  he  discarded  from  sewerage  systems.  In  this  view 
there  ia  now  a  very  general  conourrenco  amongst  engineers.  Mr. 
Jones,  the  town  engineer  of  Eating,  says  that  his  "  experience  of 
charcoal  trays  and  cages  is  not  at  all  favonrablo  to  their  nso,  tmleae' 
the  charcoal  is  veri/  freqventlt/  changed.  When  closely  packed,  the 
layers  do  not  act  as  ventilators ;  when  loose,  the  charcoal  has  but  little 
effect  npon  the  gas,  and  when  charged  with  moisture  is,  so  &r  as  gns 
is  concerned,  valueless  "  Mr.  Lemon,  the  borough  engineer  of  South- 
ampton, says ;  "  1  have  come  to  the  conclusion  that  charcoal  trays 
in  tho  vcutilatiug  shafts  are  of  no  use,  and  have  decided  to  abandon 
them."  In  another  letter  he  adds  that  the  nse  of  charcoal  stops 
thj3  outftow  of  impure  air,  and  "  does  more  harm  than  good."  Mr. 
Prit«hard,  the  engineer  of  Warwick,  says  that  he  has  removed  the 
chai'coal  from  cxii^tiDg  manholes  and  snbstitnted  opon  ventilation, 
adding,  that  he  looks  upon  this  system  as  the  only  pei'fcct  one  of 
ventilating  sewers.  Mr.  Coghlau,  of  Sheffield,  says  :  "  1  do  not  find 
it  necessary  to  nso  charcoal  trays  in  manholes,  aud  certainty  bavo 
never  used  any.  Unless  tbey  have  careful  attention,  and  the  charcoal 
ia  constantly  replaced,  they  become  no  better  than  a  wet  blankets" 
Mr.  Buckham,  the  engineer  of  Ipswich,  says  he  does  not  approve  of 
filing  charcoal  in  the  ventilating  shafts  of  any  system  of  sewerage. 
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Mr.  Banks,  the  borough  engineer  of  Kendal,  eajs :  "  I  used  to  nsa 
cbarcoal  in  all  my  ventilators,  but  it  ia  practically  more  injurious  than 
having  none  in  at  all.  I  found  that,  unless  wo  changed  it  frequently, 
in  the  course  at  two  or  three  days  it  got  bo  damp  and  clogged  from 
OUT  constantly  damp  atmosphere,  that  the  passage  of  sewage  gas 
through  it  was  completely  stopped,  and  it  acted  as  a  bung  to  the 
only  outlets  of  air  from  and  the  inlets  into  the  sewera." 

As  already  stated,  the  object  to  aim  at  is  the  complete  and  uni- 
form aeration  of  the  whole  sewerage  system,  and  to  eficct  this  no- 
thing more  is  requisite  than  tho  existence  of  a  snfQciont  number  of 
open  Tontilatora  in  the  shape  of  manholes,  lampholea,  and  shaAs  np 
to  the  level  of  tho  streets — assisted  by  light  flaps  in  some  manholes, 
as  already  described — and  the  effective  ventilation  of  private  com- 
municating sewers  by  shafls  or  pipes  reaching  above  the  roofs 
of  the  houses.  With  this  provision  tho  accumulation  and  escape 
of  sower  gas  in  an  excessivo  and  objectionable  quantity  at  any  ono 
place  Is  practically  impossible !  but  the  proper  supervision  of  private 
dwellings,  with  respect  to  the  ventilation  of  their  soil  pipes,  is  an 
essential  part  of  the  arrangement. 

The  following  valuable  remarks,  extracted  from  Mr.  Waring's 
recent  work,  entitled  "  Sanitary  Driunage  of  Houses  and  Towns,"* 
express  so  clearly  what  I  would  myself  farther  say  on  the  subject, 
that  I  prefer  to  quote  thorn  rather  than  to  add  to  my  own. 

"  The  principle  of  the  ventilation  of  a  sewer  is  practically  tho 
same  as  that  adopted  by  builders  for  the  prevention  of  dry  rot, 
Tho  fnngi  which  cause  this  rot  in  timber  cannot  produce  thcii- 
germs  in  a  current  of  air,  and  if  a  sudclent  number  of  ventilating 
openings  are  made,  communicating  with  each  other,  the  action  of 
tho  wind  from  one  aide  or  the  other  will  cause  a  sufficient  current. 
So  in  a  eower  a  continuous  movement  of  tho  air  in  one  direction  or 
the  other  carries  away  and  dilutes  scwcr  gases,  and  if  they  contain 
germs  of  organic  diaease  capable  of  infecting  the  human  blood,  those 
are  beUeved  to  bo  destroyed  by  osidation  or  othenvise. 

"  A  safe  sewer  always  has  a  current  of  air  passing  through  it, 
and  if  it  contains  sewage  matters  at  all,  these  also  must  be  in  con- 
stant motion.  On  this  incessant  movement  of  the  air  and  the  liquid 
must  we  rely  for  our  only  security.  A  solation  of  sugar  in  water, 
ing  stagnant,  and  protected  from  a  free  circulation  of  air, 
will  enter- into  a  vinous  fermentation.  If  well  ventilated  and  agi- 
tated, no  such  fermentation  takes  place.     It  is  asserted  that  the 
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csurement  of  &  typhoid  patient,  oontinDally  agitated  in  coutuct  with 
fresh  air  and  a  fair  admixtai'e  of  water,  passes  through  a.  series  of 
complete  chemical  cbanges,  with  no  injurious  prodact;  but  if  nllowed 
to  remain  stagnant,  if  not  freely  exposed  to  the  nir,  or  if  it  gain 
access  to  human  circnlation  before  a  certain  oxidation,  it  will,  like  a 
ferment,  reprodnce  itself,  and  give  rise  to  the  conditions  nnder 
which  it  was  itself  prodnced.  Motion  and  aijration  are  therefore 
needed  to  prevent  infection,  which  is  sni-e  to  be  generated  wliea 
typhoid  evacuations  are  confined  ajid  stagnant.  Unventilated  and 
liidly  conatracted  sewers  are  sure  agents  for  the  propagation  of  the 
diseaae  when  once  It  haa  taken  root. 

"  The  resulting  gases  of  sewer  decomposition  are  the  vehicle  or 
medium  for  the  conveyance  of  infection,  and  from  their  h'ghtness 
they  give  rise  to  a  rapid  diffusion,  owing  to  the  eagerness  with  which 
they  seek  means  of  escape  at  the  higher  parts  of  the  sewer  system, 
that  is,  in  house  drains,  soil  pipes,  &c.  It  may  not  bo  possible 
entirely  to  prevent  the  development  of  the  poison  in  even  the  best 
arranged  sewer,  but  it  is  possible,  by  a  &ee  admission  of  air,  to 
supply  the  oiygen  which  will  take  away  its  sting  and  render  it 
harmless.  Sewere  which  have  large  and  frequent  openings  at  the 
street  surface,  and  through  which  the  liquid  contents  hare  a  constant 
flow,  may  give  forth  offensive  BmoUs,  but,  if  they  have  proper  atten- 
tion, sanitary  evils  do  not  often  result. 

"  Sewer  gas,  when  largely  diluted  on  its  escape  (at  frequent 
intervals)  into  the  air  of  the  street,  is  probably  nearly  or  quite 
innoxious,  but  when  it  forces  its  way  into  the  limited  atmosphere  of 
n  closed  living-room,  the  poison,  or  the  germs  of  disease  aceoinpany- 
ing  it,  may  easily  work  their  fatal  effects. 

"  Sulphuretted  hydrogen  is  found  in  all  sewers  in  which  the  sewage 
itself  or  the  mucous  matters  adhering  to  the  pipe  assume  a  certain  de- 
gree of  putridity  in  the  absence  of  a  sufficient  supply  of  fresh  air,  Thia 
gas  is  extremely  poisouoDs;  so  much  so  that  one  part  of  the  gas  to 
two  hundred  and  fifty  parts  of  atmospheric  air  will  kill  a  horse.  At 
one  half  thia  intensity  it  will  kill  a  dog.  A  rabbit  was  killed  by 
liaving  its  body  immersed  in  a  bag  of  it,  althongh  its  head  was  not 
inclosed,  and  it  could  breathe  pure  nir  freely. 

"  One  of  the  most  frequent  sources  of  pressure  upon  the  air  within 
n  sewer  is  the  increase  of  temperature  arising  from  the  hot  water 
escaping  from  kitchens  and  baths.  The  repeated  expansions  and 
contractions  caused  by  the  admission  of  hot  and  cold  water  produce 
a  constant  effect  on  all  water  traps  connected  with  unveutilated 
scwer«.    With  ventilation,  the  breathing  in  and  out,  na  the  air  of  the 
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Hwer  conlracts  or  expauda,  does  not  affect  the  wator  traps,  because 
an  easier  jKiBsajre  is  found  tlirongb  the  venlilatora. 

"  TLe  constautij  changing  voJamti  of  wiitor  in  many  sowers,  aa 
has  been  befure  stated,  cscrta  a  powerful  itifluence  on  the  confined 
air.  As  the  water  rises  it  reducus  the  air  space,  and  if  it  reduces 
tbis  to  onc-balf,  it  bnitgs  to  bear  upon  the  air  a  pressure  eqnal  to  a 
column  of  water  (birty-foor  feet  in  licight,  and  tbia  pressure  is 
relieved  by  a  forcing  out  of  air  through  tbe  roost  available 
chanuel — the  cbanne!  wbero  there  ia  the  least  resistance ;  if  there 
is  no  other  vent,  a,  suEBcient  number  of  watei'  traps  most  be  forced 
to  allow  the  pressure  to  become  reduced.  It  being  reduced,  and  the 
water  falling  again  to  a  lower  level,  a  vacuum  is  created  which 
mast  be  suppbed  by  air  forcing  tbe  traps  iu  a  reverse  direction,  and 
in  either  case  the  forced  trap  may  remain  open  for  the  free  passage 
of  foul  air  until  another  use  fills  it  with  water.  In  the  ebb  and 
flow,  too,  a  part  of  the  perimeter  of  tbe  sewer  is  made  alter- 
nately wet  and  dry,  with  an  accompanying  production  of  vapour 
and  gas. 

"  As  tbe  chief  domestic  use  of  sewers  is  between  morning  and 
noon,  and  as  at  this  time  the  most  hot  water  passes  into  them,  the 
pressure  on  the  air  in  tbe  sewer  is  during  this  period  increased  both 
by  aa  elevation  of  the  temperature  and  by  a  reduction  of  the  air 
space.  Then,  fi-om  about  noon  until  the  next  morning  the  quantity 
of  the  flow  decreases,  tbe  air  space  increases,  tbe  temperatnre  falls, 
and  more  air  must  bo  admitted  to  snpply  the  partial  vocaum 
croftied.  Such  fluctuations  are  constantly  occurring,  accompanied 
with  a  drawing  in  and  forcing  out  of  air,  for  which  ample  passage 
vimt  be  made,  independently  of  the  water  traps  of  bouses,  or 
sewer  gas  will  surely  enter  them,  Where  proper  air  vents  are  provided, 
this  ebb  and  flow  of  the  sewer  may  bo  increased,  ivith  great  advan- 
tage is  the  matter  of  ventilation,  by  artificial  flushing  arrangements, 
which  will  allow  the  water  to  be  dammed  back  and  released  at  fre- 
quent intervals." 

LXXXVII.  —  Sc&VENania  of  Towss   add  Villages.     I  do  not 

propose  here  to  explain  in  any  great  detail  tbe  different  modes 
of  excrement-collection,  disposal  and  removal,  forming  tbe  work  of 
scavengers,  which  prevail  in  diflerent  towns  of  tbis  country.  I 
may,  however,  state  shortly  that  they  consist  of  (1)  the  midden  and 
privy  systems,  (2)  tbe  pail  system,  and  (3)  tbe  dry  closet  system. 
The  midden  and  privy  systems  of  disposal  consist  of  closets  pro- 
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vided  simply  with  receptacles  for  tlie  cxcrelal  refnse,  some  I 
fiied,  and  somo  moveable. 

The  piiil  system  consists  of  closyts  provided  with  portable  recep- 
tncles  Bjwciiilly  prepared  for  use. 

And  the  diy  closet  system  consists  of  the  use  of  material  prepared 
to  deodorise  and  absorb  the  liquid  and  facilitate  removal. 

1.  The  "middettt  mth  Jixed  receptacles"  conipriae  the  old  privy 
with  its  cesfipit,  such  as  eKist  in  nearly  every  coantry  village,  as  well 
OS  the  closets  in  comiection  with  ash-pits,  which  more  generally  prevail 
in  the  nortliem  counties.  Middena  or  privies  with  fixed  receptacles 
Tarj  in  character  as  well  as  in  size  and  constraction.  They  are  moro 
or  less  offensive  according  to  tho  exl-ent  to  which  their  content*  arc 
deodorised  or  soaked  up  by  ashes  or  other  solid  rcfbse. 

It  is  indeed  surprising  that  so  many  i-eceptacles  of  pntrefying  human 
excrements  as  are  known  still  to  exist,  should  be  allowed  to  remain  m 
the  midst  of  populations  in  spite  of  our  progress  in  sanitary  science 
in  recent  years.  lu  the  towns  of  the  northern  counties  and  in 
the  villages  of  the  south,  water  or  earth  are  only  esceptiocally  used 
BS  vehicles  of  removal.  Nevertheless  these  privies  are  the  means  of 
spreading,  to  an  enormous  extent,  what  Mr.  Simon,  C,B.,  the  medical 
officer  of  the  Privy  Council,  has  termed  ''Jilth  diteates," — cholera, 
enteric  or  typhoid  fever,  and  diarrhceal  complaints.  The  character  of 
the  privy  is  thus  graphically  described  by  Mr.  Simon  in  tia  Supple- 
mentary Report  to  the  Local  Government  Board,  1874.  He  says: 
"  Either  it  has  had  no  other  catchment  apparatus  than  the  bare  earth 
beneath  the  privy  seat,"  ....  "  or  else  it  has  had  as  supplement 
to  the  privy,  a  large  enclosed  midden-etcad  or  cesspool,  partly  op 
entirely  of  brickwork  or  masonry,  intended  to  retain  large  accuma- 
lations  of  the  solid  filth,  with  or  without  the  ashes  and  other  diy 
refase  of  the  house,  and  in  general  dividing  its  fluid  between  an 
escape  channel  especially  provided  and  such  soafcage  and  leakage  in 
other  directions  as  the  construction  has  undesignedly  or  designedly 
almost  always  permitted.  Privies  such  as  these  have  not  been 
meant  to  have  their  fiith  removed  except  where  its  mere  largeness 
of  balk  (exceeding  or  threatening  to  exceed  the  limits  of  the  privy 
pit,  or  cesspool,  or  midden},  might  mechanically  make  removal  neces- 
•ary."  ....  "  What  nuisance  this  system  at  present  constitutes 
in  iminmcrable  populous  places,  including  some  of  our  largest  towns, 
can  indeed  hardly  be  conceived  by  persons  who  do  not  know  it  in 
operation,  and  the  infective  pollutions  of  air  and  water  supply  which 
it  occasions  to  an  immense  extent  in  towns  and  villages  throughont 
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the  country  are  chief  means  of  spreading  in  snch  places  some  of  ths 
moat  fatal  of  filth  diseaseB." 

Eycry  sanitary  authority — rnral  as  well  as  urban — is  bound  by 
law  to  Bce  that  these  privies  are  so  constracfed  as  not  to  be  a 
nniaauce,  and  jct  in  the  Report  of  the  Medical  Officer  of  the 
Local  Government  Board,* — nnder  the  bead  of  "  IllaBtrations  from 
Inspeotora'  Reports  of  the  fonr  years  1B70-3  of  the  circnrastances  in 
which  enteric  fever  is  commonly  found  prevalent," — we  read  these 
words,  when  speaking  of  towna  which  shall  be  nameless  here : 

"  Enteric  fever.  Polluted  wells.  Air  and  soil  befouled  with  ex- 
crement from  cesspits.     General  neglect  of  sanitary  measnreB." 

"  Enteric  fever.  No  public  draiai^e.  Open  ceaapoola,  Sewaga 
soaking  into  wells." 

"  Constant  prevalence  of  enteric  fever.  Soil  round  wells  sodden 
with  soakage  from  privies." 

Much  has  been  done  of  late  years  by  the  leading  medical  officers 
of  health  and  sanitary  inspectors  to  point  out  the  existence  of  this 
state  of  things,  yet  at  this  very  moment  leaky  aewera,  no  better  than 
leaky  cesspits,  are  being  constructed  in  both  towns  and  villages, 
while  water  obtained  from  welts  annk  in  the  same  soil,  is  allowed  to 
be  consamed  by  the  inhabitants, 

In  towns,  the  existence  of  cesspit-privies  should  bo  prohibited 
altoKctbcr. 

In  villages  whei-o  the  disposal  of  excretal  refnae  may  be  very 
difficnlt,  everything  that  the  sanitary  authorities  and  their  otRcers 
can  do  should  be  done  to  compel  the  removal  of  these  cesspit-privies 
to  positions  away  from  both  the  well  and  the  bouse, — to  enforce 
the  conatruction  of  the  cesspit  in  a  water-tight  condition, — and  to 
ensure  the  frequent  removal  of  its  contents.  As  an  essential  stop 
to  success,  means  should  bo  taken  to  secui-e  the  removal  of  the 
contents  by  a  public  scavenger  in  every  instance  where  they  are  not 
removed  by  the  householder  sufficiently  often  to  avoid  nuisance. 

"Middens  with  moveable  receptacles"  such  as  are  now  coming 
much  into  use  in  Manchester  and  other  northern  towns,  form  an 
improvement  upon  the  old  privy  or  midden  cesspit.  They  allow 
of  the  ready  removal  of  the  excreta,  and  aa  the  receptacles  are  of  a 
comparatively  small  size,  they  luckily  necessitate  frequent  emptjmg. 
When  specifying  this  advantage,  however,  it  should  be  mentioned 
that  it  is  all  that  can  be  said  in  favour  of  the  system. 
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2.  Tlio  "pail  S2/»lem"  differs  fi-om  the  syBt«m  jnst  described  in 
having  sorae  material  placed  witLin  tbo  receptacle  either  to  absorb 
the  liquid  and  deodoi'iso  t!ie  solid  contents,  or  to  deodorise  them 
only.  The  "pails"  arc  removed  at  i-egular  and  freqaent  intervalB, 
and  are  therefore  preferable  to  privies  or  middens  with  fixed  cesspits. 

One  of  the  most  suocessfnl  instances  of  the  pail  Bj-stem  is  that 
invented  by  Mr.  Alderman  Taylor,  of  Rochdale,  and  carried  oat  in 
that  to^vn.  There  the  contents  of  the  ash-pits,  as  well  as  the  escreta 
of  the  closets,  arc  collected  by  the  town  scavengers.  The  manner 
of  operating  is  thus  described  by  Mr.  Taylor  in  a  statement  prepaJ^ 
for  a  recent  meeting  on  the  "Health  and  Sewage  of  Towns,"  held  at 
the  Society  of  Arts  (May,  1876)  : 

"  The  town  is  divided  into  six  divisions,  named  A,  B,  0,  D,  E, 
and  F.  Each  division  has  its  corresponding  books,  the  pages  being 
ruled  into  thirteen  weeks.  In  the  books  every  excreta  pail  and  ash- 
tub  ia  entered  in  progresBive  number,  and  the  street  recorded  in 
which  it  is  placed.  Vans  and  ash-carts  are  appropriated  for  the 
collection,  and  the  guard  is  furnished  every  morning  with  the  names 
of  the  streets  and  number  of  closets  in  that  street,  written  on  a 
ruled  blank  list,  which  he  has  to  collect.  When  the  van  or  cart 
retoms,  it  is  weighed,  and  tbo  list  given  to  the  weigh  clerk,  in  the  raled 
8(^naros  of  which  the  gnord  has  entered  the  pail  or  ash-tub  number 
which  he  has  brought  in.  The  van  is  then  emptied,  the  washer  of 
the  pails  taking  an  account  of  the  total  nuraber  brought  in  by  each 
van.  An  inspector  daily  enters  from  these  lists  into  the  division 
book  the  numbers  of  the  pails  brought  in,  and  is  thus  able  lo  say  at 
the  close  of  the  week  if  every  closet  has  been  attended  to,  and  if 
not,  a  van  is  specially  sent  for  the  pail  omitted.  It  is  found  that, 
with  this  oversight,  the  number  omitted  collecting  in  regular  order 
has  not  exceeded  thirteen  per  week. 

"  The  pails  are  thoroughly  washed,  and  into  each  ia  pat  a  portion 
of  chloride  of  alumina,  and  sulphate  of  lime.  The  excreta  is  emptied 
from  the  pails  into  a  ti'encb  formed  of  fine  ash,  which  has  been 
sifted  from  the  refuse  and  cinders  collected  by  the  ash-cart.  A 
qnantity  of  sulphuric  acid,  SO  lbs.  to  one  ton  of  excreta,  is  ponred 
into  the  trench,  and  the  whole  mixed.  In  three  days  the  trench  is 
tnrued  over  with  a  spade,  and  again  in  twenty-one  days,  by  which 
time  the  whole  will  have  become  in  a.  tolerably  dry  state,  containing 
about  35  per  cent,  of  water.  Before  the  sale  of  the  mannro  it  is 
again  turned  over  and  screened.  The  quantity  of  excreta  to  aah 
used  nt  present  is  7  cwt.  of  ash  to  1  ton  of  excreta. 

"  The  asli-carts  pour  their  contents  into  the  hopper  of  a  sifting 
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macLiop,  which  Beparatca  tlio  fine  ash,  fine  ci'uder,  rough  cinder, 
vegetable  mutter,  giftss,  pots,  and  rags.  The  diaposal  of  this  refaae  ia 
by  using  the  fine  ash  for  mannro,  the  fine  and  rough  cinder  for  fnel  for 
the  steam  boilers,  and  for  sale ;  the  vegetable  matter  ia  burut,  and 
the  ash  from  itgroaud  and  added  to  the  manure,  fur  the  sake  of  tlio 
potash  ;  the  clinkers  and  pots  are  gronnd  up  for  moiiar  and  cement, 
and  (he  rags,  glass,  and  iron  sold." 

The  details  of  the  quantity  of  excreta  and  refuse  collected, 
together  with  the  dry  manure  made  from  them,  and  its  cost,  will  be 
found  in  the  Appendix ;  and  in  the  Appendix  will  be  found  also  GOme 
other  valoable  details  of  similar  plans  adopted  at  Warruigtou,  Bir^ 
tuinghani,  Koltingham,  and  Blackburn.  1  wonld  point  out  that  at 
Rochdale  and  elsewhere  the  accumulations  of  the  mixture  are  very 
coDsiderable. 

The  system  known  as  Ihc  "  Goux  Absorbent  Pail  System,"  has 
recently  found  much  favour,  and  has  been  adopted  in  several  places. 
It  baa  been  tried  for  some  years  at  Halifax,  where  the  liquid  sewage 
of  the  sewers  ia  still  permitted  to  flow  into  the  Calder  in  an  un- 
mitigated condition,  and  upwards  of  3000  closets  on  the  Goux  prin. 
oiple  are  now  in  use  there.  It  has  been  adopted  also  at  the 
Camp  at  Alderahot,  at  Slieerneas,  and  at  Woolwich.  The  system 
is  thua  described  by  the  manager  of  the  company  (Society  of  Arts, 
May,  1876)  ; 

"A  tapering  tub  or  container  is  provided,  say  16^  inchea  high,  and 
20  inches  at  its  greatest  diameter.  Upon  the  bottom  of  the  tub  is 
placed  3  or  4  inches  of  refuse,  auch  as  new  stable  litter,  loft  Bweep- 
tngs,  staek  bottoms,  ferns,  shavings,  sawdust,  shoddy,  flax  di-cssiuga, 
spent  tau,  or  hops,  or  the  various  waste  materials  to  be  found  in 
town  or  couutry  ;  this  is  raised  with  a  little  soot,  charcoal,  gypaam, 
or  oilier  deodoriser,  for  the  purpose  of  packing  or  lining  the  tub. 
A  mould  of  the  same  shape  as  the  tab,  bat  6  inches  less  than  the 
internal  diameter,  is  placed  upon  the  4  inches  of  absorbent  material 
referred  to,  and  the  space  between  the  mould  and  the  tub  is  packed 
with  the  same  kind  of  refuse.  One  boy  can  pack  eighty  tuba  in  an 
hour,  and  this  is  all  the  manipulation  required,  except  placing  and 
removing  the  tub  at  stated  times.  The  absorbent  malorial  Laving 
been  only  moderately  pressed  down,  the  mould  is  withdrawn,  and 
there  remains  a  cavity  into  which  the  dejections  fall,  the  liquid  parts 
of  which  are  taken  up  by  the  absorbents,  and  retained  by  them,  so 
aa  to  check  fermentation." 

Dr.  Alfred  Haviland,  the  medical  offi^r  of  health  for  North- 
amptonshire, apeaka  very  IJghly  of  this  system  of  excreta  collection^ 
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and  after  an  examination  into  its  working  at  Halifax  recommendu  its 

3.  The  dry-closet  ayttemt  already  spoken  of  when  treating  of  tha 
dwelling  (Section  LXII,),  will  be  found  more  applioablo  to  viUagea 
than  the  pail  system  for  oicretal  vemovn),  because  tbci-e  can  be 
no  LlifficuUy  in  obtaining  ILo  mateiial  required  for  use.  Most  kinds 
of  earth  if  used  in  euffieient  quantity  act  as  a  deodoriser  of  excretal 
matter.  "  Clayey  and  loamy  soils  and  enrface  moulds  are  best ;  chalk 
is  of  httlo  nse,  gravel  and  sand  are  worthless."  •  The  material 
mnat  be  dry  and  loose— approaching  the  character  of  sand,  and  a 
sufficient  supply  iit  a  dry  state  should  bo  stored  under  cover  and 
kept  ready  for  the  replenislimcnt  of  the  closet  when  necesBory, 
Dry  earth  may  bo  used  in  closets  with  fixed  pita  as  well  as  in 
those  with  moveable  i-eceptacles.  The  use  of  the  latter  ia  the  better 
arrangement.  Charcoal  in  lieu  of  earth  answers  the  purpose  equally 
well,  if  not  better,  and  a  much  lesa  quantity — about  one-fonrth — 
will  snffico ;  but  charcoal  is  more  difBcalt  to  obtain  and  more  ex- 
pensive than  dry  earth,  and  will  probably  only  grow  in  favour  with 
the  wealthier  olasseB. 

Anticipating  the  adoption  of  the  diy  earth  system  in  villages,  aa 
well  as  in  isolated  eBtahliahments,  it  may  be  well  before  Iea^'ingthe 
subject  of  the  dry  removal  of  excrements,  to  give  here  the  snbstanceof 
a  report  made  to  a  considerable  landowner  by  his  agent,  after  a  per- 
sonal examination  of  the  system  adopted  on  Sir  Anthony  do  Roth- 
schild's estate  at  Halton.  "  ITie  apparatus  used,"  ho  aajs,  "  is  that 
of  Moule'a  Dry  EortJi  Closet  Company.  The  '  pull  out '  opparatoa, 
after  sumo  years'  experience,  has  been  fonnd  the  one  most  approved 
by  those  using  them  on  account  of  its  simplicity  and  cheapness,  and 
its  leas  liability  to  get  out  of  order  and  to  waste  the  dry  earth. 
Vaults  are  now  substituted  at  Halton  for  pails  and  tanks.  They 
answer  satisfactorily  excepting  in  one  or  two  cases,  where  they  are 
not  properly  water-tight.  Sir  Anthony  Rothschild  employs  a  man 
(a  scavenger)  to  look  after  the  whole  of  the  closets  on  his  estate— 
whether  they  be  attached  to  the  cottages  or  farm-houses — whose 
duty  it  is  to  provide  the  dry  earth,  supply  the  hoppers  of  the  closets 
with  it  as  often  as  may  be  necessary,  and  also  to  remove  the  soil 
from  the  vaults  to  bo  dried  for  nse  a  second  time.  There  are  on 
Sir  Anthony's  estate  alone  about  1/0  to  180  dry-earth  closets,  for 
the  proper  supply  of  which  about  20t)  tons  of  earth  ai-o  required 
annually.      This  is  dug  and  sci-eeiied  in  dry  weather,  and  carted  to 
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a  large  open  shed.  There  is  in  this  slied  a  kind  of  kiln  9  feet  by 
0  feet  by  about  2  feet  deep,  the  bottom  of  which  is  thick  sheet  iron 
with  blinks  for  the  aides.  Undomeath  there  is  a  fire,  and  aeTeral 
HueH  rnii  under  the  sheet-iron  bottom.  On  this  kiln  the  earth  is 
dried — about  two  cart-loads  at  a  time — a  good  stock  of  the  fire-dried 
earth  being  at  all  times  on  hand.  The  man,  two  or  three  times  a 
week,  takes  a  cart-luod  of  dried  earth  round  and  fills  all  the  hoppers, 
and,  if  necessary,  levels  the  soil  in  the  vaalts  below.  The  vauUa 
are  emptied  at  intervals,  varying  fVom  sis  weeks  to  three  months, 
according  to  the  size  of  the  families  using  tUem.  After  the  first 
time  of  using,  the  soil  ia  taken  to  the  shod  and  stored  till  the  whole 
of  the  dry  earth  has  been  once  used,  when  it  ia  al!  dried  in  the  kiln 
ready  for  use  a  second  time.  Aft-er  the  second  time  of  using  it  ia 
taken  and  stored,  and  is  used  as  a  maiiare,  latterly  for  plniitiiig  trees 
and  siirubs,  but  formerly  for  agricultural  pniposes.  The  oiosets  are 
not  expensively  built,  but  they  arc  well  attended  to.  They  are  patterns 
of  decency  and  cleanliness.  Not  the  least  smell  of  any  kind  was  per- 
ceptible except  where  the  vaults  were  not  water-tight,  and  they,  of 
course,  approximated  very  nearly  to  the  condition  of  the  common 
privy.  Dry  closets  are  in  use  at  all  the  schools  on  the  whole  of  the 
Rothschild  property." 

The  "  Cinder- siiVing  Ash-closet"  system,  to  whioh  I  have  also 
already  referred  when  treating  of  the  dry  closet  system  of  the  dwelling 
(Soolion  LXII.),  has  been  tried  aa  a  town  means  of  scavenging  by  the 
corporation  of  Salford  in  the  PendJotou  portion  of  their  district.  Mr. 
Walter  Pearse  gives  the  following  account  of  liis  operations  :• 

"  More  than  1,000  of  the  oiosets  are  in  nse  in  the  district ;  but 
the  following  statement  of  the  result  achieved  by  the  system  ia 
based  on  the  working  of  1,000  closets.  Each  pail  receptacle  contains 
IJ-  cwt.,  and,  with  an  ordinary  family,  requires  to  be  changed  every 
week.  Thus,  1,000  closets  produce  75  tons  of  manure  per  week,  or 
say  15,900  tona  of  crude  manure  per  annum. 

"  The  fall  pails  arc  conveyed  in  covered  vans  to  manure  works, 
CKpecially  constructed  by  tho  corporation  at  Windsor  Bridge,  and 
alongside  the  canal.  The  works  embrace  an  open  receiving  yard,  a 
shed  containing  a  mixing  mill  and  a  mortar  mill,  driven  by  a  steam 
engine,  a  space  for  storing  the  manure  and  mortar  made,  a  weighing 
machine,  and  a  small  office.  Tho  receiving  yard  is  on  a  higher  level 
than  the  floor  on  which  tho  produce  of  the  works  is  stoifd. 

"  The  excrementitious  mass  from  the  pails,  after  passing  through 
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tlie  iron  mixing  trough,  together  with  a  small  quantity — one  quarter 
hundred  weight  per  ton — of  anlphate  of  lime,  cornea  out  a  consoli- 
dated manure  of  uniform  consistencj,  which  obtains  a  ready  sale  nl 
12s.  6d.  per  ton. 

"  Garbage  and  other  rough  materia)  found  on  the  premises,  in- 
cluding cinders  not  ro-bnrnt  by  the  occupants  of  the  Iiouses,  are 
also  conveyed  to  the  manure  works  by  the  same  van  which  collects 
the  pails.  The  garbage  is  separated  and  sold  direct  at  the  rate  of 
Ss.  a  ton,  while  tho  remaining  rongh  material  is  ground,  and  by  the 
addition  of  3  cwt.  of  lime  to  the  tou,  is  converted  into  mortar,  and 
sold  at  5b.  b,  ton. 

"The  labour  required  per  1,000  closotfi  is  only  that  of  24  horses  and 
12  men,  including  the  collection  and  the  process  of  tho  works.  The 
financial  result  is  as  follows : 


"  Less  expenditure  aa  follows  : 


ToUl  Mtt  proflt  lo  Corpor»lion    U7fi    3     0" 

A  very  careful  inquiry  into  tho  working  of  several  of  the  systama 
of  excrement  removal  adopted  throughout  the  country,  was  made 
by  Dr.  Buchanan  and  Mr.  Notteu  Radoliffe  in  18ti9.  and  again  by 
the  latter  in  1874.  Their  reports  upon  the  subject  to  the  medical 
officer  of  the  Privy  Council  and  Local  Government  Board  furnish 
much  iuformation  of  a  veiy  practical  character,  and  are  well  worthy 
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tliB  Btndy  of  the  samtary  engineer.  The  reanlt  of  their  inqniriea 
may  be  qnoted  in  the  same  order  as  that  I  have  adopted,  as 
foUowa : 

(1.)  "  The  midden  system  may  be  modified  so  as  greatly  to  reduce 
naisanoo  and  danger  from  it.  Satisfactory  safety  in  the  ose  of  even 
the  best  forms  of  midden  closets  cannot  be  averred  with  certainty, 
partly  because  there  is  no  prospect  of  such  closets  being  emptied 
daily,  and  partly  becaaae  the  materials  of  the  midden-stead  would 
probably  be  retentive  of  some  excremental  matters. 

(2.)  "  The  pail  system  presents  several  advantages  over  the  old 
midden  system  for  poor  town  districts.  The  system  involves  con- 
atmction  or  constructive  alterations  similar  to  those  required  for  the 
toleration  of  a  midden  system,  and  offera  peculiar  advantages  ovoi 
the  latter  in  regard  to  facility  for  frequent  removal  of  excrement, 
and  to  completeneaa  of  auch  removal  in  regard  to  safely  from 
nuisance,  and  probably  in  regard  to  profit  in  disposing  of  excrement 
as  manure.  The  pails,  of  defined  construction,  should  be  changed 
daily  for  fi'esb  ones  in  all  crowded  neighbourhoods,  and  when  used 
by  Bcveral  families  in  common,  or  by  numerous  individuola,  and 
under  no  circumstances  should  they  remain  nachanged  more  than 
one  week,  It  is  essential  to  the  proper  working  of  a  pail  system, 
that  it  should  be  carried  out  in  towns  and  villages  by  the  sanitary 
authority. 

"  Those  who  use  the  closet  may  both  under  the  pail  and  the 
midden  ayatem  be  expected,  with  due  soperiutendence,  to  do  the 
cleansing  of  it  ao  far  as  merely  afiects  oidinary  comfort  and 
decency ;  bnt  such  action  as  concerns  the  effectiveness  of  the  closet 
aa  a  means  of  excrement  removal  muit  be  taken  by  the  sanitary 
authority  itself. 

(3.)  "  The  earth  system,  intelligently  managed,  fnmishoa  a  means 
of  disposing  of  excrement  without  nuisance,  and  apparently  without 
detriment  to  health.  In  communities,  the  earth  closet  requires  to  be 
managed  by  the  authority  of  the  place,  and  in  limited  commnnitiea 
it  will  probably  pay  at  least  the  expenses  of  its  management.  In 
the  poorer  class  of  hoaaes,  where  auporvision  of  any  closet  arrange- 
meuts  is  indispensable,  the  adoption  of  the  earth  system  offera 
especial  advantages. 

"  With  both  the  pail  closet  and  the  earth  closet  everything 
depends  upon  the  care  and  regularity  with  which  the  deodorising 
or  absorbing  material  is  supphed,  and  the  contenta  of  the  recep- 
tacles are  removed.    In  all  towns  and  villages,  where  a  dry  system  of 
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exoi'emetit  removul  is  adopted,  it  is  essentially  necessary  that  this 
duty  shonld  be  performed  by  one  man  under  the  orders  of  the  saui' 
tary  authority,  and  not  left  to  individual  performance." 

In  addition  to  the  frequent  reraoral  of  the  conteuta  of  tha  privy 
and  closet,  the  periodical  removal  of  the  material  thrown  upon  the 
ash-pit  or  dust-bin  should  have  the  most  careful  attention  of  the 
flanitary  authority  of  a  town.  I  have  already  referred  to  this  de- 
Bcription  of  refuse  (see  Section  IJXII.),  but  I  sliontd  nevcrtbelosa 
like  again  to  lay  stress  here  upon  the  necessity  wUiali  esists  for  the 
exercise  of  the  ulmost  vigilance  on  the  part  of  sanitary  officers  in 
seeing  that  the  material  so  collected  is  properly  dealt  with.  It  com- 
prises not  merely  the  dust  and  ashes  from  the  dwelling  lires,  but  a 
considerable  amonat  of  organic  matter — in  some  instances  reaching 
to  the  whole  of  the  animal  and  vegetable  refuse  of  a  dwelling — besides. 
The  putrofiLction  of  this  mass  of  hlth,  aggravated  in  its  elTects  by  ex- 
posure tti  the  sun  and  rain,  takes  place  in  many  instances  iu  towns  and 
villagessoncitr  the  dwelling  that  it  cannot  fail  to  bo  a  source  of  danger 
to  health.  The  scavenging  ai-rangemcutsof  a  town  or  village  should 
therefore  be  so  made  as  to  secure  the  removal  of  these  coUeotions 
before  they  have  had  time  to  become  offensive,  and  any  failure  on 
the  part  of  the  occupier  should  be  made  good  by  the  sanitary  au- 
thority. The  duties  of  the  scavongcr,  in  fact,  arc  of  the  first 
importance  in  all  places  where  dwellings  aro  congregated  together. 

Mr.  Simon  says,  "There  are  groups  of  houses,  there  are  whole 
villages,  there  are  cousiderable  sections  of  towns,  there  are  even 
entire  and  not  small  towns,  where  general  slovenliness  in  every- 
thing which  relates  to  the  renioval  of  refuse  matter,  [^loveulineas 
whieb  iu  very  many  cases  amounts  to  utter  bestiality,  or  neglect, 
is  the  local  habit ;  where,  within  or  just  outside  each  house,  or 
in  spaces  common  to  many  houses,  lies  for  an  indefinite  time, 
undergoing  fcetid  decomposition,  more  or  less  of  the  putrefiable 
refuse  which  house-life,  and  some  sorts  of  trade-life,  produce;  ex- 
crement of  man  and  brute,  and  garbage  of  all  sorts,  and  ponded 
slop  waters  ;  sometimes  lying  bare  on  the  common  surface  ;  some- 
timea  unintentionally  stored  out  uf  sight  and  recollection  in  drains 
or  sewers  which  cannot  carry  them  away ;  sometimes  held  in 
receptacles  specially  provided  to  favour  accumulation,  as  ptivy-pits 
and  other  cesspools  for  excrement  and  slop  water,  and  so-called  dust- 
bins receiving  kitchen  rt-luso  and  other  filth.  And  with  this  slate 
of  things,  be  it  on  large  or  on  small  scale,  two  chief  sooroes  of  danger 
to  life  arise;  one,  that  volatile  effluvia  horn  the  refuse  pollute  tlie 
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enrronnding  air  and  everything  wLioh  it  containB ;  the  other,  that 
the  liquid  parts  of  tlie  refuse  pass  by  aoakage  or  leakage  into  the 
snrronnding  soil,  to  mingle  there,  of  oonrse,  with  whatever  water  the 
soil  yields,  and  in  certain  caseii  thus  to  occasioii  the  deadliest  polla- 
tioii  of  wells  and  springs." 

It  is  the  prevention  or  removal  of  all  these  nuisances  which,  under 
proper  regnUliona,  should  be  the  duty  of  the  scavenger. 

In  every  case  the  contents  of  the  ash-pit  or  dust-bin  should 
be  protected  against  rain  and  sun, 

In  concluding  thig  section,  I  will  only  add  that  in  making  arrange* 
ments  for  the  adoption  of  auy  system  of  dry  collection  of  excreta  and 
solid  refuse,  special  attention  should  he  given  to  the  site  for  the  storage 
and  treatment  of  the  collected  materials.  A  thickly  populated  neigh- 
bourhood should  certainly  ho  avoided,  as  should  also  such  a.  site  as 
that  selected  at  Mauohester,  where  on  one  aide  of  the  road  may  be 
seen  the  town  dust-yard,  and  on  the  other  the  ahbatoir  where  the 
meat  suppiy  of  the  city  ia  killed  and  dressed  I 

LXXXVIII. — On  the  Wateu  Sui'Plv  of  Townb  isu  Villages, 
WITH  Rekarks  on  Cunstanx  Service.  The  remarks  which  have  been 
already  made  under  Divisions  II.  and  III.,  with  respect  to  the 
sources  whence  the  supply  of  water  to  the  dwelling  may  be  obtained, 
and  the  means  by  which  that  supply  may  be  raised  and  delivered, 
will  apply  with  equal  force  to  the  village  and  the  hamlet,  and 
may  be  even  useful  to  the  student  in  sanitary  engineering  when 
dealing  with  the  supply  of  larger  places. 

I  do  not  here  propose  to  treat  of  the  works  necessary  for  the 
supply  of  water  to  large  cities  and  towns,  for  they  would  necessarily 
be  of  too  comprehensive  a  cluiractcr  to  be  considered  when  deal- 
ing generally  with  sanitary  cagiaeering.  1  shall  content  myself 
with  making  a  few  observations  on  the  dietribution  of  water  in  a 
manner  most  acceptable  to  the  consumer  yet  consistent  with  due 
regard  to  the  interests  of  the  company  or  authority  supplying  the 

It  is  now  generally  ooncoded  that  from  a  sanitary  point  of  view 
the  delivery  of  water  by  constant  servico  at  high  pressure  is  an  object 
which  should  in  all  oases  be  aimed  at.  By  the  term  "  constant 
service,"  I  do  not  mean  a  supply  which  is  so  curtailed  by  pea  or  pin 
ferrule  as  to  be  a  mere  dribble ;  but  a  sufficient  delivery  of  water 
for  all  purposes  and  at  all  times  to  meet  every  reasonable  require- 
ment immediately  it  arises,  the  water  being  drawn  direct  from  the 
main  without  the  iatorposition  of  any  service  cistern  or  storage 
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tank,  which,  as  I  have  ali-eady  saiiJ,  is  moro  frequently  than  aiiy- 
thiDg  else  the  cause  of  pollntioa  in  domestic  water  supply. 

Let  me  describe  the  "  pea"  or  "  pin"  fei-mle  which  has  only  coma 
into  existence  within  recent  years  as  a  means  of  protecting  the 
water  companies  against  waste.  I  do  not  know  that  I  can  do  go 
better  than  in  the  words  used  by  Mr.  Taylor,  the  engineer  of  tbe  Lam- 
beth Water  Works,  and  referred  to  in  his  evidence  before  the  Com- 
misaioners  appointed  in  1872  by  the  Board  of  Trade  to  inquire  into 
the  regulations  for  a  constant  supply  of  water  to  the  metropolis.     Ho 

Isays  :  "  This  ferrule  has  an  internal  disc  in  which  is  a  small 
bole  witb  its  area  proportionate  in  a  sort  of  inverse  ratio  to 
the  pressure  of  water  where  it  is  applied,  being  intended  to 
restrain  the  flow  where  the  pressure  is  great.  This  sort 
of  ferrule  is  generally  harmless  enough,  if  not  beneficial 
to  all  parties,  providing  that  the  orifice  is  not  too  contracted ; 
but  to  apply  it  in  the  manner  above  alluded  to,  so  as  to  dribble  out 
the  water  at  the  rate  of  20  gallons  per  head  in  24  hours,  or  less 
than  one  gallon  per  bead  per  hour,  docs  indeed  seem  a,  ridiculous 
apology  for  constant  service,  and  a  device  which  can  neither  beneflt 
the  pnblie  nor  the  companies." 

Mr.  Bramwell,  C.E.,  when  speaking  of  this  contrivance,*  eaid  :— 
The  pea  ferrule  "  was  a  well-known  term,  and  was  a  proper  term 
when,  as  the  name  implied,  the  hole  would  pass  through  it  a  pea  of 
ordinary  size.  No  doubt  sucb  a  ferrule  in  many  cases — as  in  Shef- 
field, for  instance,  where  in  some  zones  there  was  a  pressure  of 
800  feet  of  water — was  very  desirable,  as  without  some  such  reducer 
of  velocity  when  a  child  went  to  draw  water  in  a  jug  the  jug  must 
be  knocked  out  of  its  hand  by  the  water  dashing  against  the  bottom ; 
but  the  contrivance  used  by  the  company  in  question" — a  London 
water  company — "  was  not  a  pea  formie,  it  was  a  pin  ferrule,  witb  a 
hole^inch  in  diameter,  the  object  being  to  give  one  pint  of  water  a 
minute,  or  from  180  to  200  gallons  in  24  hours."  To  realise  the 
effect  of  this  obstruction  I  may  mention  that  a  person  desiring  an 
ordinary  bath  must  wait  about  two  hours  to  procure  sufficient 
water  from  the  main  for  the  purpose  if  it  is  drawn  through  a  pin 
ferrule. 

So  general  is  the  concurrence  esprossed  by  all  persons  uncon- 
nected with  water  companies  in  the  advantages  of  avoiding  bouse 
(UEtema,  that  it  is  scarcely  necessary  to  refer  to  the  opiaious  of  any- 
one, however  high  he  may  bo  as  a  sanitary  authority,  in  support  of 
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the  aame  view.  I  will,  however,  give  yoa  a  few  sonteDcea  from 
evidence  given  by  Mr.  Simon.  He  said :  "  I  consider  tho  sys- 
tem of  intermittent  water  supply  to  be  radically  bad,  not  only 
because  it  is  a  system  of  stint  in  what  onght  to  be  lavislily 
bestowed,  but  also  bccanse  of  tho  necessity  which  it  creates  that 
largo  and  extensive  receptacles  should  be  provided,  and  because 
of  the   liability   to    oontamiaation    incurred   by  water   which   bus 

to  bo  retained  often  dnring  a  considerable  period," 

"The  long  retention  of  water  in  leaden  cisterns  impairs  its  fit- 
ness for  drinking."  ....  "  On  tho  esti-eroo  inconvenience  which 
attejida  the  storage  of  water  in  the  poorer  habitations  of  the  city,  I 
have  already  reported  to  you,  and  will  now  only  add  that  increased 
experience  has  given  much  confirmation  to  my  view.  These  recep- 
tacles are  generally  sacb  aa  contribute  to  the  contamination  of  water, 
and  are  constantly  eo  arraiiged  as  to  invite  an  admixture  of  the 
moat  varied  impurities."  ....  "The  butt  or  ciateru  of  the  house, 
that  on  which  the  inmates  depend  for  their  atipply  of  fresh  and  pure 
drinking  water,  is  placed  in  immediate  contigiiity  to  the  privy,  so  aa 
to  reduce  the  i-equisite  length  of  connec ting-pipe  to  the  fewest  pos- 
sible number  of  inches ;  the  applicatioB  of  water  is  not  made  dis- 
cretionary on  the  nsors  of  the  privy,  nor  are  any  of  the  cheap  and 
coramou  self-acting  contrivances  introdaced  ;  bat  the  waste-pipe  of 
the  butt  or  cistern  is  conducted  into  the  discharge- pipe  of  tho  privy, 
so  that  periodically  with  a  frequency  varying  according  to  the 
arrangements  of  the  water  company,  tho  arrears  of  excrement  are 
removed  so  far  as  the  overflow  of  the  water  receptacle  may  have 
power  to  dislodge  and  propel  them."  ....  "Water,  as  you  pro- 
bably know,  is  a  very  active  absorbent  of  many  gaseous  mate- 
riala." 

The  Rivers  Pollution  Commissioners  in  their  report  dated  30th 
June,  1874,  state :  "  All  storage  of  drinking  water  in  houses  is 
attended  with  the  risk  of  pollution.  Good  water  ia  spoiled,  and  bad 
water  rendered  worse  by  the  intermittent  system  of  supply.  All 
drinking  water  ought  to  bo  drawn  direct  from  iho  main.  Under 
proper  aapervision  the  waste  of  water  is  less  on  the  constant  than 
it  ia  on  the  intermitlent  system  of  supply.  These  and  other  advan- 
tages have  led  to  the  adoption  of  tho  constant  system  in  a  great 
majority  of  British  towns." 

The  argument  used  against  a  constant  supply  is,  that  it  encou- 
rages, and  in  practice  results  in,  extravagance  oil  the  part  of  the 
consamor,  and  that  no  provision  which  can  be  made  by  any  sanitary 
authority  or  private  water  company,  however  great,  can  be  main- 
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tained  with  economy  where  such  latitndo  cxista.  The  answer  to  this 
IB,  that  neither  extravagance  nor  waste  need  be  experienced  nnder 
proper  management  und  the  use  of  proper  apphances.  This  is,  to  a 
great  extent,  proved  by  the  feet  that  in  eortain  towns  where  a  con- 
stant supply  iB  now  in  use  with  the  advantage  of  proper  precautions 
to  prevent  waste,  the  quantity  consumed  ia  not  more  than  from 
14  to  IC  galloBB  per  person  per  diem.  A  comparison  of  the  follow- 
ing figures  (taken  from  the  Sixth  Report  of  the  Riveifl  Pollution 
Commissi  oners)  relating  lo  twelve  towns  supplied  with  water  on 
the  constant  system,  and  an  equal  number  of  towns  supplied  on  the 
intermittent  Kyatem,  conclusively  shows  that  there  need  be  no  more 
iraste  in  the  constant  than  in  the  intermittent  system. 
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The  figures  here  given,  indeed,  plainly  show  that  a  wasttiftil  con- 
sumption of  water  is  not  inherent  to  cither  one  system  or  the  other, 
but  is  entirely  duo  to  the  want  of  ejfeeihe  conlrol  and  propur 
applianee».  I  would  lay  great  stress  upon  these  desidei-ata.  In  sup- 
port of  this  view,  the  Rivers  PoUntiou  CommissIonerB  say  with 
respect  to  Lincoln,  a  city  in  which  there  are  upwards  of  5,CMX> 
houses,  and  which  occupying  the  smnmit  and  sides  of  a  hill  presents 
great  variations  of  level,  and  therefore  great  iirogulnrity  of  presaare, 
that  experience  shows  that  the  inhabitants  are  sufficiently  Hiippb'ed 
with  2ti0,U00  gallons  of  water  daily  on  the  constant  system,  "  the 
inspector  having  power  not  only  to  examine  all  the  fittings  through- 
out his  district,  but  to  repair  them  after  dne  notice  at  the  expense 
of  the  tenant ;    while  at  Oxford,  half  the  popuhition  of  the   city    , 
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corresponding  to  about  5,500  honsea,  use  1,200,000  gallons  diiily, 
althongh  the  whole  supply  is  almt  off  dnring  the  uight  time."  This 
illnBtration  is  a  very  striking  one.  If  wc  comparo  the  consumption 
of  water  at  Oxford  with  that  at  the  sister  university  towu  of  Cam- 
bridge, ^Q  find  that  a  similar  tiamber  of  houses  are  stipplied  with  a 
Bofficienoy  though  the  amonnt  consumed  does  not  exceed  385,000 
gallons,  or  about  one-third  of  the  quantity  used  at  Oxford,  These 
remarks  may  be  snpptementcd  by  figures  given  in  the  tabular 
section  XIX.,  showing  the  water  supply  of  difierent  towoa. 

The  waste  that  actually  does  take  place  under  the  constant  system 
of  supply,  and  which  the  sanitary  engineer  should  do  his  best 
to  prevent,  is  due  to  BoTcral  causes.  They  may  be  divided  as 
follows ; 

(1.)  That  which  occurs  by  the  escape  of  water  from  the  supply 
mains  and  junction  pipes  before  the  water  reaches  the  dwellings  of 

(2.)  That  which  arises  from  the  escape  of  water  after  it  has 
reached  the  dwellings  by  careless  consumption  or  wilful  abuse. 

(3.)  That  which  is  due  to  .the  use  of  improper  and  imperfectly 
fitting  taps,  ball  valves,  and  other  appliances. 

Tlie  prevention  of  the  waste  duo  to  the^rst  cause  wholly  depends 
upon  and  must  rest  with  the  authority  or  company  supplying  the 
water.  It  is  seldom  that  defects  from  this  cause  exist,  though  it  is 
sometimes  found  that  when  an  intermittent  supply  is  changed  to  a 
constant  service,  the  extra  pressure  involves  the  relaying  of  Bomo  por- 
tions of  the  service  pipes. 

The  teeond  cause  of  waste  is  only  to  he  prevented  by  proper 
supervision  on  the  part  of  the  supplier,  aud  the  introduction  of  waste 
preventers,  such  as  the  waste-not  and  self-closing  appliances,  which 
I  have  already  explained  when  treating  of  the  dwelling  (see  Sec- 
tion LX.).  Under  the  Water  Works  Clauses  Act,  1847  (10  Vict, 
c.  17),  power  is  given  to  the  suppliers  of  water  on  the  constant 
systora  to  enter  premises  at  reasonable  hours  for  the  pui-pose  of 
seeing  that  there  is  no  waste  or  abuse  of  the  water,  and  any  person 
committing  any  act  fay  which  the  water  is  wasted  becomes  liable  to  a 
penalty.  To  this  power,  some  of  the  water  companies  or  authorities 
supplying  the  water  have  acquired  additional  provisions  by  private 
Act«  giving  them  great-er  control  not  only  over  the  fitlings  to  bo 
nsed,  but  over  the  repair  of  those  found  in  a  defective  state. 

Upon  the  power  possessed  over  the  supply  and  repair  of  appa- 
ratus and  fittings  reliance  mast  be  wholly  placed  to  prevent  the 
third  cause  of  waste.      It  should  be  rigidly  enforced,  for  in  too 
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many  instanoes  the  plniober  snpplyiDg  the  appliauces  will,  to  sare 
a  penny  or  twopence  in  the  price  of  a  tap,  adopt  an  inferior  article, 
which  is  no  Buoner  brought  icto  use  than  it  is  in  a  constant  state  of 
leakage.  At  Manchester  all  water  fittings  are  stamped  by  the 
autliorities  before  they  are  fixed,  and  at  some  places  not  only  are 
the  fittings  specified,  but  no  one,  escept  an  authorised  plumber,  cau 
repair  or  fix  the  fittings  so  specified.  These  stringent  proviBions  are 
not  only  conducive  to  economy,  but  they  are  essentially  just,  and 
should  therefore  be  enforced  with  strict  discretion.  It  is  manifest 
that  the  suppliers  of  water  should  bo  assured  that  the  fittings, 
whereby  the  water  is  brought  into  use  by  their  customera,  should  be 
well  made  and  snitable. 

As  an  illustration  of  the  economical  and  bonefioial  effect  which 
the  oxercise  of  legitimate  powers  in  the  hands  of  the  suppliers  of 
water  has  npon  the  quantity  consumed,  I  may  mention  that  at  N"or- 
wioh  tlio  consumption  lias  beon  reduced  from  40  to  15  gallons  per 
head  per  diem,  since  control  over  private  fittings  (22  Vict.  c.  15) 
was  given  to  the  company.  At  Manchester  similar  advantages  hare 
been  gained  by  the  acquisition  of  powers  like  those  in  force  at 
Norwich  (23  Vict.  c.  93).  Tlie  rules  and  regulations  in  o]»eralioii 
at  the  latter  town,  and  (he  general  iustmctions  as  to  fittings  and 
repairs  issued  by  the  Manchester  corporation,  appear  in  the  Ap- 
pendix. The  Appendix  contains  also  an  extract  from  the  Water 
Works  Clauses  Acts,  1847  and  18G3,  as  well  as  the  regulations  made 
nnder  the  Metrojwlis  Water  Act,  1S?1.  Unfortunately,  however, 
theso  "  regulations"  have  been  productive  of  little  good  at  present. 
London,  which  should  be  an  example  to  the  rest  of  the  world,  is 
as  much  behind  in  the  matter  of  water  supply  as  it  is  in  sewage 
disposal. 

Considerable  skill  has  been  displayed  by  Mr.  Deacon,  C.E.,  of 
Liverpool,  in  devising  a  meter  to  be  attached  to  a  water  main 
where  waste  is  suspected  to  esist,  and  in  associatiug  it  with  obser- 
vations by  means  of  stop-cocks  placed  outside  each  house.  The 
meter  enables  the  inspector  to  see  whether  more  than  the  ordinary 
quantity  of  water  is  being  cunsnuied  in  the  district,  and  the  stop- 
cocks enable  him  to  discover  through  which  houses  any  excess  ie 
passing.  These  observations  are  made  at  night  when  there  is  not 
much  traffic,  tho  inspectors  having  to  judge  of  the  waatt'  by  the 
sound  of  the  water  as  it  passes  the  stop-cocks.  The  night  tnspeC' 
tors  enter  their  observations  in  a  form  prepared  for  the  purpose,  and 
the  day  inspector  follows  np  the  investigation  afterwards  by  going 
to  the  houses  indicated  and  examining  the  fittings,  &c.     A  descrip- 


THE  TOWN  AND  THE  VILLAGE. 


tion  of  this  meter,  by  Mr.  Bmmwell,  C.E.,  whioh  appears  to  me 
to  be  applicable  to  any  town  where  there  esista  a  general  water 
supply,  is  given  in  the  Appendix. 

A  certain  meana  of  preventing  waste  ia  the  use  of  a  private  meter 
iu  each  house,  in  the  same  way  that  inetera  are  now  adopted  for 
tbo  mensure  of  gas  in  nearly  effery  dwelliDg  where  gas  is  consumed. 
There  is  this  difference,  however,  between  water  and  gas ;  the  use 
of  a  certain  quantity  of  the  first  is  au  essential  in  life,  while  with  the 
other  it  is  not.  If  water  were  paid  for  open  the  exact  quantity  con- 
sumed, it  is  believed  that  a  very  large  number  of  the  population 
would  reduce  their  consumption  to  a  minimum  that  would  be  pre- 
judicial to  health,  and  result  in  an  evil  much  greater  than  the 
waste  of  water.  The  idea  of  charging  by  meterage  for  every  drop 
of  water  used  iu  a  house  has  therefore  been  abandoned,  but  it  does 
not  follow  that  tiie  system  in  a  modified  form  should  not  become 
general  at  no  very  distaut  date. 

In  applying  the  meter  system  to  separate  houses,  it  has  been  pi'o- 
posed  that  a  certain  quantity  of  water  should  be  considered  due 
to  each  house  acoording  to  its  size  and  its  rateable  value,  and 
that  the  payment  for  that  quantity  should  bo  unchangeable  even 
though  the  water  should  not  be  wholly  used.  Beyond  this  certain 
amount  the  customer  should  have  power  to  draw  from  the  maia 
any  greater  quantity  that  may  be  required.  For  this  eilra  quantity 
— it  ia  held— an  extra  payment  should  bo  made.  The  meter  would 
indicate  the  total  quantity  of  water  consumed,  and  bo  furnish  the 
means  of  ascertaining  the  excess  to  be  paid  for  in  addition  to  the 
fixed  quantity.  By  this  plan  no  encouragement  would  be  given 
to  a  niggardly  use  of  water,  and  the  company  supplying  the  water 
would  thus  have  guaranteed  to  it  a  certain  minimum  income. 

Fig.  107  shows  iu  section  a  half-inch  water  meter  constructed  by 
Guest  and  Chrimes,  of  Rothet'ham,  upon  Siemens'  and  Adamson's 
patent. 

Tiiis  meter  is  eonstr acted  npon  the  principle  of  the  Barker's  mill. 
The  measuring  medium  consists  of  a  drum,  working  on  an  upright 
spindle  at  the  bottom,  and  in  a  collar  at  the  top.  The  water  is  con- 
veyed by  the  oondncting  tube  into  the  centre  of  the  drum,  and 
allowed  to  escajie  at  three  or  more  apertnres  on  the  periphery  of  the 
sane,  giving  to  it  a  rotary  motion.  At  each  revolution  of  the  drum 
a  certain  number  of  cubic  inches  of  water  is  delivered,  so  that  it  ia 
only  necessary  to  register  the  number  of  revolutions  to  ascertain  the 
quantity ;  this  is  effected  by  wheels  and  pinions,  and  the  result 
indicated  in  gnllous  or  feet,  upon  a  graduated  dial. 
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ia  very  compact  in  itself.  Tie  flgnre  will  serve  to  show  the  com- 
pact character  of  the  instrnmeiit.  Ttia  meter  is  so  arranged  that 
any  repiiir  or  adjustment  may  be  easily  effected  without  removal. 
The  small  nictcrB  of  this  class  nre  made  of  brass  and  gun-metal 
to  avoid  coiTosion. 

The  working  of  these  and  otliei"  meters  iii  praclice  is  referred  to 
iu  a  recent  paper  by  M.  Muchall  of  Wiesbaden,  which  will  bo  fonnd 
in  vol.  xlvi.  part  iv.  of  the  Minutes  of  Proceedings  of  the  Insli. 
lute  of  Civil  Engineers. 

With  such  protective  arrangements  as  those  I  have  explained,  it  is 
manifestly  just  to  the  consumers  that  tlie  suppliers  in  their  turn 
should  be  made  answerable  in  a  very  direct  and  positive  manner 
for  ihe  quality  of  the  water  they  supply.  Mr.  Simon  stated  in 
his  evidence  before  the  Rojal  Sanitary  Commission,  that  ho  had 
"  doubts  if  water  companies — except  in  London — were  subject  to 
much  law."  There  can  be  no  sufficient  reason  why  every  sonroo 
and  means  of  water  supply  which  can  affect  either  communitieB  or 
individuahi  should  not  bo  subjected  to  inspection  and  analysis, 
whether  they  be  public  or  private  property,  or  whether  the  water  be 
consumed  in  large  or  small  quantities, — and  a  fine  imposed  wherever 
the  quality  of  the  supply  is  not  what  it  should  be. 

The  principal  fitting.-)  which  facilitate  tho  use  and  prevent  the 
abuse  of  water  consist  of  taps  and  stop  valves,  ball  valves  and  special 
waste- preventing  apparatus  in  connection  with  water-closets,  stand- 
posts,  hydrants,  and  other  ont-door  contrivances.  Their  names,  and 
the  number  of  modifications  which  each  description  of  article  has 
nudergooe,  are  legion.  I  have  already  explained  some  of  the  waste- 
preventing  arraugements  which  are  used  in  connection  with  water- 
closets,  and  it' may  be  well  here  to  add  to  them  a  few  examples  of 
some  of  the  best  kinds  of  taps,  stop-cocks,  ball  valves,  &c. 

(1.)  Tap*  and  Stop  Valve*. — The  ordinary  plug  tap,  which  ia 
familiar  to  every  one,  answers  its  purpose  admirably  where  the  water 
service  is  intermittent  and  is  distributed  through  the  medium  of 
cisterns.  Where,  however,  tho  supply  is  delivered  at  high  pressure  on 
the  constant  system,  ench  a  tap  is  quite  unsuitable,  as  it  allows  the 
water  to  be  shut  off  so  suddenly  as  to  cause  a  severe  concussive 
bursting  strain  upon  the  pipes,  and  when  the  top  is  only  partially 
closed,  the  pressure  of  water  behind  it  may  at  tinies  be,  and  ulleu 
is,  sufficient  to  force  it  open  and  cause  waste.  To  meet  these  objec- 
tions, the  tap  known  as  tho  "screw-down"  tap  has  been  almost 
invariably  adopted  where  ft  constant  service  prevails,  ns  it  can  only 
be  closed  by  degrees. 
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bottom,  and  movoa  up  and  doivu  in  an  adjustable  socket  E  E.  Tho 
adjustable  sockot  E  B  is  raised  op  depressed  by  the  handle  F.  Wlien 
the  handle  F  ia  turned,  it  raises  the  adjustable  socket  E  E,  which  lifts 
Tvithit  the  valve  C,  and  opt'ns  the  passage  of  the  water  through  the  tup. 
A  BufEcient  quantity  of  water  having  been  drawn,  the  handle  F  is 
screwed  down,  which  depresses  the  adjustable  socket  E  E,  taking 
down  with  it  the  valve  C  on  to  the  seating  D.  Should  the  handle  F 
not  be  Borcwed  down,  and  the  tap  left  running,  the  piston  valve  C 
Via.  iia.  descends  on  to  the  seating  D,  partly  by  its 

gravity,  but  pi'incipally  by  tlie  pressure  of 
I  Lb  water  passing  through  the  tap,  Tliia 
lap  is  suited  for  u so  either  outside  or  iosido 
dwellings,  and  ia,  I  understand,  exclusively 
adopted  by  the  Industrial  Dwellings  Company, 
Fig.  112  shows  on  a  small  scale  the  self- 
closing  screw  tap  of  Messrs.  "Wallace  aud 
Connell,  of  Glasgow.  Like  the  tap  jaat  de- 
scribed a  pailful  or  a  pint  only  maybe  drawn, 
but  the  valve  will  closo  when  a  regnlated 
quantity  has  passed  through  it. 

Stop-cocks  are  now  made  on  the  same  principle  as  the  screw- 
down  taps  first  referred  to.  They  are  placed  between  the  point  at 
which  the  communicating  pipe  joius  the  main  and  the  premises 
supplied,  as  a  means  of  cutting  off  the  water  when  necessary  fur 
repair  of  fittings  or  otherwise. 

The  Htop-twck  given  in  Fig.  113  is  that  of  Messrs-  Stone,  to  whicli 
1  have  just  referred.  In  this  appliance  there  are  two  valves  through 
which  the  water  has  to  pass.  Both  valves  are  cast  upon  one  spindlo 
and  fall  upon  theii'  seats  at  the  same  time.  That  part  of  the  spindlo 
which  is  below  the  upper  valve  is  made  hollow,  and  tho  end  of  it  is 
&ced  and  forms  tho  lower  valve,  by  resting  on  the  flat  seating  at  tho 
bottom  of  the  cock.  In  the  illostration  the  direction  of  the  flow 
of  the  water  is  intended  to  be  from  left  to  right.  When  the  cock 
is  opened,  the  hollow  valve  stem  is  lifted  off  the  bottom,  and  the 
upper  valve  is  lifted  off  its  bridge  seating,  allowing  a  clear  passage 
for  the  water  up  the  hollow  spindle  and  through  porta  or  apertures, 
and  thence  through  the  upper  valve.  When  closed,  both  the  npper 
and  lower  valves  are  screwed  down  upon  their  seatings.  The  ad- 
vantage claimed  in  favour  of  this  apparatus  is  that  shonld  the  npper 
valve  leak,  the  water  cannot  pnss  the  lower  one  [  and  should  the  lower 
e  do  ao,  the  water  can  only  pass  up  the  hollow  spindle  as  far  as 


Tbe  lower  valre  seating  is  fitted  ii 
f  tLe  cock  so  as  to  be  capable  of  ad 


the  nnderside  of  the  upper  one. 
a  cap  screwed  into  tbe  bottom  o 
jastment  or  reoowal. 

(2.)  IVaiie  Preoenttn  and  Ball  Valva.~-1  haye  already  described 
the  several  waste  preventere  now  in  nee,  and  have  now  only  to  refer 
yon  to  Section  LX, 

The  waste  which  takes  place  in  town  water  supplies  will  be  fonnd 
to  arise  as  much  from  defective  ball  valves  as  from  any  other  cause. 
Ball  valves  are  commonly  used  in  connection  witb  the  general  service 
and  water-closet  oistoma.  Wbere  the  presBure  of  water  is  great,  the 
water  itself  as  it  enters  the  cistern  is  necessarily  much  agitated,  and 
many  valves  are,  from  their  constrnction,  subject  to  a  great  amount 
of  wear  and  tear  from  this  cause.  Great  care  should  therefore  be 
taken  to  select  those  only  which  by  their  construction  limit  this 
weai-  and  tear  to  a.  minimum.  lu  testing  the  valves  thcmselveB, 
not  only  is  it  necessary  that  they  slionld  bo  sufficiently  strong 
to  withstand  a  masimnm  pressure  when  closed,  but  tlie  lever 
or  rod  should  be  of  such  a  character  as  to  act  with  tlie  fall  or  rise 
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and  constrnction,  bnt  tlioso  shown  will  serve  os  snggestivc  illnstra- 
tions  of  the  different  kinds  of  apparatus  now  in  use. 

Ahliongh  in  my  preffttory  i-emarks  in  tbia  section,  I  rcrevrcd  jon 
bock  to  what  I  had  previously  wiid  as  to  tho  sources  of  water  supply 
available  for  amall  towns  and  villages  na  well  as  the  dwelling, 
and  the  means  by  which  that  water  can  bo  raised  and  distri- 
buted, I  cannot  close  my  obaervntions  without  reiterating  tlie  con- 
viction I  enterliiin  that  if  this  important  object  were  investigated 
by  practical  men  as  Bnggested  in  Section  XLI.,  a  means  would 
be  found  of  supplying  the  various  small  communities  scattered 
over  tlio  country,  which  are  now  withont  a  proper  supply,  with 
water  of  an  unexceptionable  character  in  the  place  of  the  "  danger- 
ous waters"  of  surface  streama  and  shallow  wells  (see  Division  II,), 
It  would  then  bo  foaud  that  it  could  be  generally  done  at  a  cost  not 
exceeding  that  prescribed  by  the  Public  Health  Act  (section  02),  i.e., 
2d.  per  week  per  house  for  all  small  tenements,  assuming  that  a, 
higher  rate  of  charge — which  wnnid  be  willingly  paid — were  made 
on  houses  of  a  greater  rateable  value  than  10/.  per  house.  For  in- 
stance, a  village  containing  200  dwellings  of  alt  sortfi,  half  of  which 
were  below  and  half  above  10/.  a  year  rateable  value,  might  readily 
raise  the  sum  of  173/.  Ca.,  and  this  would  cover  an  annual  charge, 
say,  of  721.  a  year  to  repay  an  outlay  of  1200/.  in  procuring  the 
supply  by  a  deep  well  from  a  water-bearing  stratum,  and  100/.  a  year 
for  pumping  and  distribnting  it :  thus, 


100x2d.  ijer  week=      ICs.  8d.x.J2  wecks=    43 
lOOxtid.         „        =21.  10s.  0d.x5-2      „     =  130 


«     8 


I  give  these  figures  more  as  an  illustration  of  what  I  believe  may 
bo  often  achieTed  in  any  district  overlying  the  chalk,  the  oolite, 
or  the  now  rod  sandstone,  than  as  positive  data. 

LXXXIX. — CoNCLcmso  Remarks  on  the  Sasitation  of  Towns 
ASD  Villages.  Having  dwelt  in  some  detail  upon  the  duties  of 
the  sanitary  engineer  in  relation  to  towns  and  villages,  I  will  shortly 
epitomise  tho  piincipal  objecta  in  which,  I  consider,  all  sanitarians 
should  concur. 

(1.)  To  maintain  pure  air  throughout  all  inhabited  parts  of  either 
urban  or  rural  districts  they  should  be  gewi-red  for  the  discharge  of 
the  foul  liquid  refuse  of  dwellings,  and  drained  for  tho  dischot^ 
of  ground  wat<T. 
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(2.)  A  sufficient  quantity  of  unexceptionally  pure  waler  slionld  bo 
supplied  to  all  commnnitics  either  by  private  or  pablic  works. 

(3.)  All  sewers  should  be  water-tight,  first  to  prevent  the  pollu- 
tion of  wells,  and  next  to  protect  the  soil  and  foundations  of  houses 
from  escremcntal  saturation. 

(4.)  No  sewers,  under  any  pretence,  should  be  jointed  with  clay 
where  the  water  used  in  a  town  or  village  is  derived  from  "  shallow" 

(5,)  No  wells  for  the  supply  of  water  used  for  domestic  parposes 
shonld  be  allowed  to  exist  within  100  feet  of  any  sewer,  let  the  mode 
of  jointing  be  what  it  may. 

(fi.)  No  ceBspits  for  the  reception  of  eicretal  matter  which  are 
not  perfectly  water-tight  should  exist  in  the  inhabited  parts  of  any 
district,  and,  if  water-tight,  only  when  ayBtematio  scavenging  is 
strictly  carried  out  by  the  local  authority.  Special  attention  should 
bo  given  to  slanghter-housea  and  nosioos  trades. 

(7.)  All  aewers  should  be  periodically  cleansed  by  flushing  where 
they  are  not  [lerfoctly  self- cleansing. 

(8.)  All  sewers  should  be  ventilated  by  inlets  and  ontleU  at  suf- 
ficient intervals  to  secure  the  perfect  influx  of  pure  air,  and  the 
efflux  of  foul  air  throughout  the  entire  system.  Artiflciat  expe- 
dients for  dcodorisaUon,  such  as  charcoal  trays,  &c.,  should  only  be 
resorted  to  when  this  natural  mode  of  treatment  is  inapplicable. 

(9.)  As  a  I'ulc,  surface  watt^r  should  be  excluded  from  town  sewers 
na  far  as  practicable,  though  exceptions  may  not  unfrequently  be 
recognised. 

(10.)  As  a  town  or  village  is  only  a  congregation  of  dwellings, 
all  urban  or  rural  authorities  should  have  sufficieut,  though  it  may 
be  limited,  control  over  the  sanitary  arrangements  of  every  dwelling 
constituting  the  town  or  the  village  to  secure  conformity  with  recog. 
nisod  regulations. 

(II.)  To  secnre  the  best  results  from  sanitary  works  the  over- 
crowding of  dwellings  most  be  prevented. 

(12.)  Scavenging  is  aa  essential  in  villages  as  in  towns,  and  neither 
the  one  nor  the  other  should  esist  without  a  carefully  devised  system 
of  aoftveuging  with  special  reference  to  noxions  trades  and  offensive 
collections  of  putrescible  matters. 


DIVISION  V. 


THE  TREATMENT  AND  DISPOSAL  OF  LIQUID  ^ 
SEWAGE. 


XC. — Prefatout  OnsERVATiosa.  We  have  now  nrrived  at  tha 
treatment  find  disposal  of  the  liquid  sewngoof  sewerawbieli  aanitnry 
engineers  have,  nntil  recently,  done  their  best  to  remove  from  towns 
into  rivers  in  obedience  to  legislative  requirements,  bat  which  nndev 
the  altered  state  of  the  law  they  now  mnst  abstain  from  so  dis- 
charing  until  it  has  been  freed  from  all  "  foul  or  noxious  matters" 
by  "  the  beat  practicable  and  reasonably  available  mcana," 

It  is  not  necessary  agiiin  to  refer  to  that  portion  of  sewage  whicli 
consists  of  the  solid,  refuse  of  habitatioDs  and  which  it  is  the  duty  of 
the  scavenger  to  remove.  The  refuse  of  which  I  am  about  to  speak 
is  the  foul  liquid  which,  having  been  admitted  into  the  sewei-s,  must 
necessarily  find  its  way  in  some  condition  or  other  into  the  river,  or 
stream,  forming  the  natural  ontfall  of  the  district. 

I  have  already  said  that  the  towns  of  this  country  may  bo  divided 
into  three  classes,  according  to  the  ontfall  they  command  (see  Section 
LXXX.),  and,  with  respect  to  their  sewage,  that  the  degree  of  puri- 
fication to  bo  aimed  at  before  Iho  effluent  sewage-water  can  be 
nltioiateiy  discharged,  may  in  each  class  be  dilTereut.  If  this  view 
be  correct  many  modes  of  effecting  the  necessary  purification  may 
bo  examined,  and  the  special  chiima  of  each  for  economy  and  sait- 
ability  considered  and  compared  with  a  view  to  adoption,  where 
appropriate. 

One  certain  result  of  the  experiences  gained  since  the  passing  of 
the  first  Public  Hcaltlj  Act  in  1848  (11  and  12  Vict.  cap.  G3)  is 
that  a  very  targe  majority  of  the  people  of  this  and  other  countries — 
I  refer  to  those  who  have  given  their  attention  to  sanitary  matters — 
are  convinced  that,  however  snitable  chemical  precipitation  may  be  as 
a  means  of  treating  sewage  in  special  cases,  recourse  to  land — where 
land  in  a  greater  or  less  extent  is  to  be  obtained — is  the  best  n 
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by  which  tlie  liquid  sewage  of  inland  towns  can  be  permanently 
freed  from  "  fonl  or  noxiona  mattoi's." 

The  instinct  of  the  cat  in  covering  Us  ftecea  with  earth — the  rule 
of  tlie  Egyptians  that  they  should  "  fover  that  which  cometh  from 
them  with  earth"  (Dent.  chap,  sxiii,  v.  13} — and  the  Batisfactory 
results  obtained  in  recent  years  from  the  nsc  of  dry  earth  in  the 
closet,  definitively  point  to  the  snperior  property  of  natural  eoil  as  ti 
deodoriser.     (See  Section  CI.) 

The  analyses  of  Dr.  Frankland,  Dr.  Russell,  Dr.  B.  Paul,  and  Mr. 
Dyke,  of  the  effluent  water  isaoiog  from  tlio  6  feet  deep  drniiiB  of 
the  filtration  areas  at  Merthyr,  show  conclusively  the  extraordinary 
power  of  natnral  soil  as  a  eUantur  of  filthy  liqnid  if  it  ia  passed 
through  it  inlen»Ulently. 

The  remarkable  gi-owth  of  vegetation  from  soil  to  which  aneli 
filthy  liqnid  is  applied,  demonstrates  its  power  oa  an  vliliter  of 
sewage  with  equal  certainty,  and  shows  that  a  retvni,  capable  of 
inoreaso  with  advancing  knowledge,  is  to  be  obtained  from  the  appli- 
cation of  sewage  to  land  under  good  management  and  with  a  proper 
rogard  to  local  niai-kets.     (See  Section  CII.) 

And  the  fact  that,  while  tanks  and  other  stmotares  of  masonry 
reqnired  for  the  mechanical  deposition  and  the  chemical  precipitation 
of  the  Guspeudod  substances  of  sewage  are  liable  to  gradual  decay 
and  reduction  in  value,  land  not  only  maintains  its  value,  but  in- 
creaiet  therein  every  year — irrespective  of  the  use  to  which  it  is 
tnrned, —  is  in  itself  an  advantage  in  favour  of  land  which  may  fairly 
go  some  way  to  reconcile  sanitary  anthorities  to  the  use  of  it.  This 
increase  on  an  average  amounts  to  one  per  cent,  per  annum.  Ex- 
perience has  taught  US  that  no  rnle  can  bo  laid  down  as  to  the 
character  of  land  that  can  bo  best  uiilised  or  its  position  relatively 
to  the  town  supplying  the  sewage, — whether  it  would  necessarily  bo 
better  to  discharge  it  on  to  low  valley  lands*  by  gravitation  or  to 
lift  it  on  to  hills  by  pumping.  There  is  much  to  be  said  on  thesa 
pointfi. 

What  we  have  not  learned,  and  have  yet  to  learn,  and  which  wa 
hope  the  coming  report  of  Mr.  S elate r-Booth's  Committee  will 
teach  ns,  ia  (1)  the  extent  to  which  it  ia  advisable  to  apply  sewage 
to  land,  (2)  under  what  circamstancea  the  area  fhould  be  increased 
ir  diminished,  and  (3)  by  what  mode  of  treatment  the  application 
of  sewage  to  land  may  he  made  jwofiUtlh  to  the  sewage  farmer. 
The  experience  of  the  last  few  years  has,  fortunately  for  the  rate- 
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payer,  ebown  that  a  very  Email  sopcrBcial  extent  of  Buitnble  land, 
if  deeply  drained  and  properly  prepared,  will  suffice  for  parification 
(see  Sccliona  LV.  and  CIOi  while  unfortunately  for  agricnlinre  it 
has  also  been  sbown  thnt  the  greater  tho  width  of  area  over  which 
tbc  sewage  is  spread  in  exoesa  of  that  required  for  its  parifieation, 
the  greater  is  the  loss  to  those  who  venture  on  sewage  fanning.  (Sco 
Section  XCII.)  This  latter  statement,  like  all  general  statements, 
is  of  course  subject  to  modification,  and  it  ia  to  the  way  in  which 
modification  may  facilitate  the  profitable  use  of  land  thnt  sanitary 
authorities  and  sanitary  engineers  should  give  their  particnlar 
attention. 

Where,  for  instance,  there  exists  a  sure  and  increasing  market 
for  senage-gTOwn  produce,  consistbg  ot  encculent  grasses  and 
vegetables,  or  where  tiic  population  of  the  district  cousists  largely 
of  miners  and  factory  hands,  who  will  soon  ci-eate  a  market 
if  it  does  not  eiiat,  great  encouragement  to  eatend  (he  applica- 
tion of  sewage  ia  given ;  and  where  land  can  be  purchased  at 
a  moderate  price,  or  leased  for  a  long  period  at  a  moderate  rent, 
the  area  may  be  discreetly  increased  with  every  con6dcBoe  that 
as  practice  makes  perfect  it  will  not  bo  long  before  profit  will 
overtake  loss.  Progress  in  the  ntilisation  of  sewage,  however, 
ia  very  slow,  and  in  anticipation  of  the  promised  report  of  Messrs. 
Bawlinson  and  Bead  on  this  moat  important  matter,  it  will  be 
my  object  to  show  you  how  by  observing  the  rules  of  common 
prndenoo,  and  by- having  a  proper  regard  to  the  cost  of  land,  the 
soitability  of  soil,  and  the  proper  caltivation  of  tho  snr&ce, 
sanitary  authorities  may  to  a  very  great  extent  relieve  themselves 
of  tbe  hesitation  which  now  prevails  amongst  them.  I  shall  enter 
upon  tlio  duty  I  have  prescribed  for  myself  with  the  acknowledgment 
that  althoagb  land  ia  pre-eminently  the  proper  medium  for  cleansing 
and  ntiiising  sewage,  it  is  opposed  to  aouud  national  economy  to 
make  the  present  generation  of  ratepayers  auffer  a  loss  in  the  pur- 
chase and  cultivation  of  land  in  order  that  the  next  may  realise  a 
retaiTi,  As  money  will  double  itself  in  less  than  twenty  yoars 
at  an  ordinary  rate  of  compound  interest,  and  the  practice  of  tho 
last  twenty  years  has  foiled  to  show  that  any  profit  at  all  ia  to 
bo  obtained  from  sewage  farming,  it  is  |manifeatly  more  prudent 
to  defer  as  long  aa  possible  the  purchase  of  any  land  in  excess 
of  that  which  will  eleante  sewage  and  bo  meet  the  requirements  of 
the  Legislature,  than  to  launch  into  a  large  expenditure  in  land 
on  the  supposition  that  we  shall  soon  disoover  the  golden  way  to 
profit. 
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Wliatcvcr  may  bo  the  chumical  value  of  sewage,  it  appears  mani- 
fest to  those  who  mnat  have  regard!  to  tlie  commercial  view  of  the 
matter,  (1)  that  with  present  knowledge,  unless  land  of  a  suitable 
character  can  be  obtained  by  purchase,  or  on  a  loug  lease,  at  a  charge 
not  exceeding  2?.  10s.  per  acre,  no  sanitary  authority  is  justified  in 
sccuringany  very  large  extent  of  area;  (2)  that  if  land  can  only  bo  ob- 
tained at  a  price  or  at  a  rent  above  21. 10a,  per  acre,  but  not  exceeding 
5^,  or  say  77.,  an  acre,  then  the  authorities  may  fiilrly  secure  a  medium 
quantity  (regulated  by  local  markets  and  the  moans  of  effecting  a 
ready  sale  of  sewage  produce)  of,  say,  one  acre  to  300  or  400  of  the 
present  population ;  and  (3)  that  if  the  charge  to  repay  the  purchase 
money  of  the  required  land  exceeds  10/.  an  acre,  then  there  ought 
to  be  no  hesitation  ia  reducing  the  area  to  the  least  quantity  that 
will  suffice  to  cleanse  permanently  the  sewage  which  may  be  taken 
to  be  one  acre  to  1000  persona  of  the  prospective  population.  It 
is  to  bo  quite  understood  that  these  figures  of  area  are  based  on  the 
assumption  that  the  land  ia  suitable,  tliat  it  is  properly  drained 
and  prepared,  and  that  it  is  properly  treated  afterwarda  by  inter* 
mittency  of  application. 

Although  these  conclusions  are  forced  upon  sanitary  authorities 
by  the  experiences  of  the  last  twenty  yeara,  it  behoves  na  all,  m 
good  citizens,  to  do  nothing  that  shall  prevent  the  full  development 
of  the  reproductive  properties  of  the  refuse  of  oar  towns  and 
villageB  at  a  foture  time  with  increased  knowledge. 

We  must  not  discard  the  teachings  of  chemistry,  though  we  must 
be  most  careful  not  to  be  misled  by  them.  With  the  population  of 
Great  Britain  doubling  itself  in  less  than  fifty  years,  it  is  our  duty 
to  remember  that  Bouasinganlt  has  laid  it  down,  if  I  remember  the 
figures  rightly,  that  an  adult  gives  off  in  his  excrements  as  much  as 
16'41  lb.  of  nitrogen  yearly,  which  is  a  quantity  sufficient  to  yield 
800  lb.  of  wheat  and  900  lb.  of  barley,  while  Liebig  goes  so  far  as  to 
say  that  each  unit  of  the  population  can,  on  an  average,  supply, 
with  the  nitrogen  absorbed  from  the  atmosphere,  sufficient  manurial 
matter  to  raise  from  an  acre  of  ground  the  "  richest  possible  crop 
every  year."  The  question  that  follows  is,  How  ?  Without  aiming 
at  such  extreme  rotnrnB  I  hope  to  assist  in  some  degree  in  answer- 
ing this  question  by  showing  that  with  proper  arrangements  the 
sewage  farmer  may  be  master  of  his  own  proceedings,  whicb  at 
present  he  is  not. 

XCI.— Thb  Chabactsr  op  the  Skwaob  bibcharqed  bt  Sewkes  op 

TowHB  AND  YiLLAOES  Or  KiPFBitsNT  CHARACTERS.    BefoFfi  entfring 
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upon  the  different  moilea  of  treating  sowngo,  wliicli  I  would  d 
nnte  arliyicial  trealmentB,  nn(t  whielimay  possibly  be  advantn  genu  sly 
adopted  in  one  cinss  of  towns  or  nnotlier  wlnero  land  cnnnot  bo 
obtained,  it  is  desirnbic  to  point  out  that,  nltbougli  the  social  habits 
of  populations  differ  very  considerably,  yet  the  Fewnge  discbarged 
from  towns  in  which  no  special  trades  exist  is  almost  always  tbe 
eamo  in  its  distinguishing  qualities. 

These  qualities  are  indicated  by  (1)  the  amount  of  solnble  matters 
of  manorial  value  contained  in  the  sewoge,  mensurod  by  the  com- 
bined nitrogen  ;  (2)  the  amount  of  solnble  matters  of  a  polluting 
natnpo  which  are  not  of  manurial  value,  atii  whicli  may  possibly 
detract  from  the  yalue  of  the  sewage  ;•  and  (3)  the  amount  of 
insoluble  saspendod  matters  which  may  be  separated  from  the  liqnid 
by  subsidence  or  prccipitition. 

The  similarity  in  sewage  of  wliich  I  have  spoken,  is  found  to 
prevail  in  all  towns  alike,  whether  tbe  excrementitious  rcfone  of 
dwellings  be  admitted  into  the  sewers,  or  whether  it  be  collected 
separately  and  removed  by  the  scavenger.  Towns  uuder  these 
distinguishing  conditiona  ore  severally  designated  "  water-closet 
towns"  and  "  naidden  towns,"  the  latter  including  towns  and  villages 
in  the  southern  part  of  England  in  which  privies  are  used,  and  in 
which  the  word  "midden"  is  unknown,  aa  well  as  those  in  tbo 
northern  counties  where  "  midden"  is  the  common  term  for  "  privy." 
The  following  chemical  analyses  of  the  Eivers  Pollution  Com- 
missioners will  show  the  precise  characters  of  sewage  discharged 
from  water-closet  towns  and  midden  towns. 
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The  Commiaaionera  when  giving  tliese  ftjfures  state : 
"  These  antilyticnl  numbers  show  a  remarkiible  similarity  of  aora- 
parison  between  the  sewngo  of  middeu  towns  aud  that  of  watei'-cioset 
towns.  The  proportion  of  patresoible  oi'ganio  matter  in  solution  in 
the  former  ia  bat  slightly  leas  than  in  the  Intter,  wlitlst  the  organic 
matter  in  suspension  is  somewhat  greater  in  middeu  than  in  water- 
closet  sewage.  For  agricultural  purposes  10  tons  of  average 
water-closet  sewage  may,  iu  round  numbers,  be  taken  to  be  equal 
to  12  tons  of  average  privy  sewage.  The  average  quantity  of  clilo- 
rine  in  100,000  parts  ofwater-cloiiet  sewage  is  10'6U,  while  in  midden 
sewage  it  is  11*51.  This  difference  is  very  significaut;  it  shows 
that,  assuming  (which  is  probably  approximately  the  case)  all  the 
urine  to  reach  the  sewers  in  both  classes  of  towns,  a  larger  number 
of  individuals  contribute  to  a  given  volume  of  sewage  in  midden  than 
in  watfir-closet  towns.  Chlorine,  in  these  cases,  rcpreaents  common 
salt,  and  the  latter  again  indicates  the  proportion  of  nrine  in  the 
sewage.  The  proportion  of  chlorine,  therefore,  ought  to  give  the 
proportion  of  average  individuals  (men.  women,  and  children)  con- 
trihatiiig  to  each  kind  of  sewage  ;  and  from  this  it  would  follow  that 
the  population  producing  oquul  volumes  of  sewage  in  midden  and 
water-closet  towns  are  as  follows  : 

In  water-closet  towns 1,066 

In  midden  towns    .        .        .        ■        ■        ■    1,154 


254 


TREATMENT  AND  DISPOSAL  OF  SEWAGE, 


The  cause  of  this  difference  ia  the  Tolnmo  of  sewage  per  head  of 
population  in  the  two  classes  of  towns  is  obriously  to  be  agnght  for 
in  the  someirbat  increased  qoantity  of  water  needed  hj  and  snp- 
phed  to  the  former." 

Wilh  I'Cflpect  to  the  sewage  of  watA-- closet  towns,  Messrs. 
Lawos  and  Gilbert  in  their  Report  on  the  Sewage  of  Rugby  (which 
town  thej  took  as  a  fair  sample  of  the  class)  stated,  that  having- 
regard  to  the  average  result  of  93  analyses,  they  foand  that  the 
sewage  contained  about  87^  grains  of  total  solid  matter  per  gallon 
(70,000  grains),  of  which  about  two-thirds  was  inorganic,  and  one- 
third  organic.  About  half  the  total  solid  matter  was  in  saspension, 
and  half  in  solution.  Of  the  half  in  suspension,  about  fonr'seventbs 
was  inorganic,  and  tbrne-scvontbs  organic,  and  of  the  half  in  solution 
about  four-fifths  was  inorganic,  and  one-fifth  organic. 

Having  provionsty  pointed  out  (see  Section  LXXV.)  that  the 
liquid  refuse  from  manufacturing  works  ma}-  alter  the  character  and 
value  of  sewage  if  admitted  into  scwurs,  it  may  be  useful  here  to 
give  in  similar  terms  to  the  foregoing  analyses  the  constituents  of 
the  refuse  liquid  discharged  from  trades  of  diflerent  characters 
which  I  have  compiled  from  the  reports  of  the  Rivers  Pollution 

In  many  of  the  smaller  towns  of  an  ordinary  character  in  the 

agricultural  counties  of  England,  possessing  no  special  class  of 
trades  to  characterise  the  sewage,  the  outflow  from  certain  premises, 
8uch  as  a  tannery  or  a  brewery,  will  greatly  afiect  the  sewage  of  tho 
portiona  of  the  distriot  lying  immediately  below  them,  and  cause 
an  uprising  ofeffiuvinm  from  particular  shafts  in  tho  streets  which 
servo  for  the  ventilation  of  tho  sowers. 

I  need  hardly  remark  that  tho  chemical  analyses  of  tho  liquid 
refuse  of  towns  and  trades  given  in  this  section  do  not  cover  the 
coarser  solid  matters  which  are  generally  separated  from  outflowing 
sewage  by  straining  arrangements.  These  are  necessarily  excluded 
from  tho  samples  of  sewage  analysed  by  chemists,  because  they  are 
too  bulky  for  collection  in  the  samplo  bottles  nsed  for  analyses. 
Though  the  average  weight  of  tliese  coarser  ingredients  per  gallou  of 
liqnid  sewage  is  small,  there  ore  some  towns  in  which  the  aggregate 
Vfeight  is  sufficient  to  necessitate  special  treatment  at  the  mouth  of 
the  sewer. 

Nor  do  they  include  tho  heavier  solid  road  and  mineral  deposits 
which  fall  to  the  bottom  of  tanks  after  poasing  through  a  screen  ; — 
but  include  simply  those  matters  which  in  tho  words  of  the  chemist 
are  "  suspended,"     (See  Section  XCIII.) 
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XCII. — The  Value  of  Liqi:id  Sewaoe.  Messra.  Lawes  tiud  Gil- 
bert, iu  the  analyses  to  which  reference  has  just  been  made,  stated  thiit 
of  the  nitrogen  existing  in  sewage  about  one-fonrth  was  in  suspension 
and  three-foarths  iu  Eolation.  The  mean  of  03  analyses  showed  that 
the  quantity  of  nitrogen  per  gallon  was  eqoal  to  about  6J  grains  of 
ammonia,  indicating  a  valne  of  l|^d.  for  the  total  constitnenta  of  one 
ton  of  sewage.  Multiplying  these  figures  by  the  60  tons  of  sewage 
per  head  per  annum  duo  to  each  contributing  individual  (25  gallons 
+  60  per  cent,  for  subsoil-water  influx,  x  365  days  -^  224  gallona), 
it  will  be  seen  that  12-J  lbs.  of  ammonia  (value  8d.  per  pound)  is 
contributed  annually  by  each  individual  of  a  mixed  population  of 
both  sexes  and  all  ages,  and  that  therefore  8s.  4d,  represents  the 
chemiat's  valne  of  sewage  per  head  for  water-closet  towns. 

Yarions  other  estimates  have  been  made. 

Dr.  Letheby  took  samples  at  noon  and  at  midnight  from  a  number 
of  sewers  in  the  metropolis,  and  arrived  at  the  conclusiou  that 
7.24  grains  represented  the  moan  quantity  of  ammonia  per  gallon. 

Messrs.  Hofmann  and  Witt  considered  that  8.21  grains  per  gallon 
represented  the  correct  quantity.  These  figures  would,  if  taken  at 
the  same  price  for  ammonia,  give  larger  results  than  those  of 
Messrs.  Lawcs  and  Gilbert. 

Messrs.  Hofmann  and  Witt  and  Dr.  Thndichum  together  gave  an 
estimate  of  another  character.  Having  ascertained  the  amount  of 
urine  and  fteces  voided  by  individuals — the  average  oE  both  sexes  and 
all  ages — they  valued  the  nrine  at  7s.  3d.,  and  the  frecal  matter  at 
Is.  2Jd.,  which,  although  consisting  only  of  excrement  refuse,  gave 
very  nearly  the  same  value  as  that  pat  by  Messrs.  Lawea  and  Gilbert 
npon  the  whole  sewage  of  the  sewers,  containing,  besides  human 
exoreraent,  the  slops  and  other  household  refuse.  In  the  comparison 
made  of  the  analyses  of  the  sewage  of  midden  towns  (where  mnch 
of  the  excrement  refuse  is  removed  by  the  scavenger),  and  of 
water^loset  towns  (where  the  same  is  admitted  into  the  sewers), 
you  will  remember  that  there  was  shown  to  exist  very  little  dificrencD 
between  the  two.  It  is  difficult,  therefore,  to  reconcile  these  figures. 
One  striking  feature  in  the  estimate  quoted  is,  that  the  nrine  of 
hnman  beings,  which  is  often  wantonly  wasted  without  any  pretencd 
at  collection,  is  valued  for  the  ammonia  it  contains  at  about  six 
times  as  much  as  the  fasces.  This  is  based  on  the  fact  that  the 
quantity  of  ammonia  in  the  urine  of  an  adult  male  person  amounts 
to  11'32  lb.  per  annum,  while  that  in  the  feeces  amounts  to  onlv 
1-64  lb. 

These   figures  differ  somewhat   fimm  those   set  forth   by   Dr. 
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Voelckor,  iu  his  essay  on  the  value  of  earth  closet  irnmnro  (Bee  the 
Journal  of  the  Bot/al  AQricultural  Society  of  England,  Second 
Series,  vol.  riii.)  In  that  eBSfty  ho  saja :  "  On  calculnting  the 
amonut  of  ammonia  which  will  bo  pi'odnced  on  the  decompositwn 
of  the  dry  matter  of  the  Bolid  and  liqnid  excrementB  of  each  person 
per  annam,  we  obtain  from  the 

Ammonia. 
23  lbs,  of  dry  matter  contained  in  the  solid 

excreta  .....  l'601bs. 
And  in  34  lbs.  of  dry  matter  contained  in 

the  liqnid  csereta  .  .  .     812    „ 

Or  altogether  .  .  ,  .     972    „ 


In  other  words,  five-Bizths  of  the  ammonia  capable  of  being  gene- 
rated on  the  decomposition  of  Imman  excreta  is  furnished  by  the 
urine.  By  a  similar  calculation  I  find  that,  according  to  the  pre- 
ceding  data,  each  individual  would  furnish  about  5^  lbs.  of  phos- 
phates per  annum.  For  simplicity's  sake  we  may  assume  that  each 
person  of  a  popnlalion  produces  in  the  solid  and  liquid  excreta 
36  lbs.  of  dry  matter  per  annum.  These  56  lbs.  produce  in  round 
numbers  10  lbs.  of  niomonia  and  h\  lbs.  of  phosphates." 

Dr.  Voelckcr  by  taking  the  value  of  the  ammonia  atOd.  per  pound, 
and  the  phosphates  at  2d.  per  pound,  found  the  total  value  of  escrela 
per  head,  per  annum,  to  be  9s. 

When  testod  by  the  price  actually  put  upon  overage  sewi^e  by 
persona  proposing  to  purchase  or  use  it,  the  ligures  altcgetber  fail  to 
convey  to  the  mind  any  tangible  indication  of  the  Biouey  to  be  made 
of  it.  They  indicate  nevertheless  the  immense  value  of  the  sewage 
lost  to  the  country;  for  if  only  half  the  estimate  of  Messrs.  Lawea 
and  Gilbert  coold  be  obtained  for  the  liquid  refuse  of  the  present 
population  of  England  and  Wales,  the  money  value  of  this  repro- 
ductivo  article  would  amount  to  nearly  5,000,000/,  sterling  per 
annum.     Present  population  23  millions  X  4s.  2d.  =  4,791,666/. 

There  exists,  in  fact,  no  tangible  evidence  of  the  money  (renting) 
value  of  sewage  in  bulk,  and  by  itself,  as  recognised  by  farmers  and 
gardeners.  The  prices  which  in  certain  cases  have  been  paid  vary 
exceedingly.  Lord  Warwick  pays  the  authorities  of  Leamington 
4501.  a  year  for  the  sewage  of  their  town,  after  it  has  been  delivered 
at  their  expense.  Mr.  Brundell  leases  the  sewage  of  Doncaster,  with 
263  acres  of  land,  of  which  a  part  only  is  laid  ont  for  irrigation,  at 
800/.  a  year,  and  in  this  case,  too,  the  sewage  is  lifted  at  the  expense 
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of  tlie  tavra.  Mr.  Hope,  Y.C.,  leased  the  sewage  of  Romford,  also 
pnmpod  and  delivered  by  the  town,  together  with  lid  A.  2  u.  1  p.  of 
land  for  the  aum  of  ^00/.  a  ye&r,  bnt  this  agrecmctit  being  torini- 
iiated  only  conveys  the  lesseo's  original  estimate  of  the  value  of  the 
farm  with  the  sewage.  At  Cbeltonhani  the  sewage,  together  with 
the  land  to  wliich  it  is  applied,  is  let  for  about  Gl,  an  acre.  At  Epsom 
the  sewage  is  let  with  a  farm  of  327  acres  (GO  acres  of  whicU  only 
are  irrigated)  at  GOOi^.  a  year,  the  town  authorities  being  at  the 
expense  of  pumping  and  distribating  the  sewage.  Tlie  sewage  of 
Wrexham,  with  84  acres  of  superior  laud,  is  lot  to  Lieat«iiant- 
Colonel  Jones,  V.C,  at  a  reut  of  350/.  a  yew, — the  land  itself  with- 
out the  sewage  beibg  probably  worth  nearly  nil  the  money. 

It  will  be  observed  that,  with  the  exception  of  the  first  instance, 
the  figures  given  cover  land  as  well  as  sewage,  and  as  they  a 
based  upon  circumstances  special  to  each  case,  they  aflTord  : 
accurate  data  from  which  to  nscerhaiu  the  commercial  value  of  « 
age  alone.  It  is  true  that  some  small  part  of  tlio  Cheltenham  sewage 
is  sold  to  neighbouring  farmers  at  7a.  6d.  n  dressing  an  acre,  and 
that  some  of  the  Leamington  sewage  is  also  disposed  of  at  as  high 
a  price  as  20s.  tu  30s.  an  acre,  but  inasmuch  as  the  sewage  iu  each 
cose  is  only  taken  when  it  is  desired,  and  in  the  quantity  agreed 
upon,  tliese  purchases  prove  no  more  than  that  ^Aerd  would  he  a  pride 
i/ioenfor  sewage  if  it  were  not  compuUory  to  take  it  at  all  timet,  ftnd 
that  it  should  be  an  object  with  all  sanitary  authorities  so  to  unaaga 
the  disposal  of  their  sewage  that  they  can  lot  it  with  or  without 
land,  at  the  option  of  their  customers. 

One  thing  is  manifest,  and  that  is,  tliat  to  dispose  of  sewage  the 
aathoiities  of  all  districts,  where  it  will  not  gravitate  to  suitable  land 
without  the  help  of  steam  or  water  power,  must  take  upon  thcmselvea 
the  expense  of  pumping  as  a  part  of  the  sewerage  system.  Pumping 
cannot  bo  regarded  as  an  item  io  be  recovered  by  farming.  Indeed, 
it  is  a  question  whether  the  land  should  be  charged  with  the  cost  of 
delivering  the  sewage  by  internal  branch  conduits  to  the  different 
parte  of  tbe  Garmover  which  it  is  distributed,  some  lands  being  very 
irregolar  in  shape,  and  reqairing  considerable  outlay  to  deliver  the 
Bewage  to  the  various  summits  within  the  farms,  white  others  require 
but  little.  My  own  opinion  distinctly  is,  that  no  sanitary  authority 
ought  at  present  to  expect  a  greater  rent  from  land  and  sewage 
together  than  Gl.  an  acre,  although  in  exceptional  cases  an  authority 
may  obtain  a  profit  &om  farming  themselves  and  so  realise  a  higher 

This  is  mode  evident  to  the  practical  man  by  the  fact  that 
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althoQifh  enormous  crops*  have  been  freqaently  grown,  and  the 
monoj  roaliBcd  ^om  them  has  boea  very  great,  and  may  very  fairly 
be  put  forward  aa  proof  of  the  great  productive  powers  of  sewage, 
and  althongh  every  one  admits  that  there  exists  in  liquid  sewage  a 
valno  which  ia  not  confined  to  its  manurial  elements,  knt  extends  to 
the  water  by  which  those  elements  are  convoyed,  yet  so  many  draw- 
backs are  experienced  in  the  utilisatioa  of  sewage,  and  so  little  has 
been  done  to  get  rid  of  thom  by  reference  to  facta  in  place  of  opinionfi, 
that  we  find  ourselves  aa  much  at  sea  now  as  we  were  (wenty  years 
back  as  to  the  best  way  of  setting  to  work  to  obtain  the  best  retnrns. 
It  is  to  be  hoped  that  the  Committee  appointed  by  the  Govern- 
ment will  BDpply  the  information  so  much  wanted. 

To  show  thereat  commercial  cfiectof  applying  town  sewage  Loland, 
it  is  necessary  to  see  how  its  disposal  aSects  tho  ratepayer's  pocket, 
and  having  asserted  that  which  will  be  genemlly  conceded — that  the 
ratepayers  of  all  districts  mast  take  upon  themselves  not  only 
the  work  of  sewerage  and  drainage,  bnt  the  delivery  of  the  sewage 
at  a  point  where  it  may  bo  treated  and  disposed  of — I  will  now  con- 
tent myself  with  presenting  in  a  tAbular  form  (see  next  page)  the 
information  I  can  convey.     It  is  limited  to  half  a  dozen  instances. 
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In  considering  this  Tabic  critically  it  mnst  be  borne  in  mind 
that  when  land  is  purchased  by  a  local  nuthoritj',  nnil  is  paid  for  in 
ihirty  years,  it  becouiea  a  valunble  pmperty  to  the  future  inha- 
bitants. 

The  instances  tabulated  embody  three  classes  for  comparison. 
At  TunbridgQ  Wella  and  Wolverhampton  considerable  areas  of 
land  have  been  purchased,  and  at  Kendal  a  small  one ;  while  at 
Bedford  and  Warwick  the  principal  portion  of  the  land  used  for 
sewage  is  leased,  and  will  have  to  be  purchased  or  again  leased 
when  the  present  terms  expire.  In  four  inataunes  the  sewage  is 
delivered  by  gravitation  and  in  two  by  jmmping,  but  in  all  cases 
the  cost  of  deliveiy  is  excluded  from  the  catoalations,  and  tbo 
"  chtti'ge  upon  ratepayei-a"  therefore  fairly  represents  the  money 
resalts  of  its  disposal. 

To  compare  the  charges  upon  ratepayers  set  forth  in  this  Table 
with  those  incurred  by  dealing  with  liquid  sewage  by  chemical 
preeipi  till  ion — leaving  out  of  consideration  the  cost  of  scavengiog 
and  the  qiialili/  of  the  cfflufntx  in  each  case — I  may  point  out, 
taking  Leeds  as  an  illustration  of  the  ABC  process,  and  Bradford 
as  that  of  the  lirao  process,  that  in  the  former  uise  nearly  5d.  in  the 
pound,  and  in  the  latter  about  :<d.  in  the  pound,  is  the  charge  upon 
the  ratepayers. 

The  deductions  to  be  gained  from  a  oompariaon  of  the  charges  upon 
the  ratepayers  are,  first,  that  it  is  better  at  present  where  land  is  re- 
sorted to,  to  let  the  land  ivith  the  sewage  to  auy  substantial  tenant 
even  without  any  advance  upon  the  annual  amount  the  land  itself 
costs  the  authority,  as  at  Wrexham,  rather  than  that  a  Local  Board 
sboald  turn  fanner  and  occupy  the  land  itself,  as  at  Tanbridgc  Wella  ; 
second,  that  under  advantageona  circiim stances  tbe  charge  upon  tbo 
ratepayers  for  dinposing  of  sewage  after  it  has  been  delivered  tJ]  land 
will  vary  from  Jd.  to  1  Jd.  in  the  pound ;  and,  third,  that  under  dis- 
advantageous circnmstances  tbe  charge  for  land  disi)osaI  may  reach 
8d.  in  the  ponnd. 

The  drawbacks  which  in  the  pre,=eat  state  of  our  knowledge 
operate  against  sewage  farming  are  (1)  that  the  outflow  of  sewage  is 
constant  and  must  be  disposed  of  witliont  unisance  under  any  cir- 
cumstances, (2)  [hat  the  produce  of  sewage  farming  must  be  of  a 
special  character,  and  at  present  is  confined  to  Buccolent  fast-growing 
grasses  and  market-garden  vegetables,  ('S)  that  to  keep  the  land  aa 
clmu  as  is  necessary  the  employment  of  a  very  large  amount  of  labour, 
and  the  outlay  of  a  correspondingly  large  sum  of  money  is  necessary, 
(4)  that  the  home  market  for  vegetables  is  circumscribed  and  is  often 
limited  to  those  residing  in  the  town  oi'  village  from  which  the  sewage 
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flows,  and  (5)  that  if  the  prodace  is  transported  to  distant  markets 
it  is  BO  much  depreciated  in  valuo  by  tlie  jonmey  that  the  prices 
realised  fail  to  yi^Id,  on  an  average  of  sales,  an  adcqnate  retnm. 
Theee  drawbacks  apply,  invariably,  where  the  quantity  of  sewa^  is 
great,  and  whero  it  has  been  desired  to  tnm  it  to  the  beet  account 
by  a  distribution  over  a  wide  area  of  land,  all  experience  distinctly 
proving  that  the  larger  the  area  of  land  utilised  by  way  of  irrigation 
tho  greater  the  loss.  (See  the  description  of  the  Merthyr  Tydfil 
works,  Section  CI.)  Yet,  tronblosotno  as  these  drawbacks  are  they 
nre  as  oothiug  compared  to  those  attending  manure-making  works  if 
established  in  inland  towns. 

The  effect,  however,  has  been  that  up  tc>  this  time  sewage  farming 
and  sewage  (hardening  have  been  found  to  be  profitable  only  in  one  or 
two  cases ;  the  practical  farmer  and  the  market-gardener  being  both 
disinclined  in  the  face  of  such  prejudicial  influences  to  take  upon 
themselves  the  obligation  of  disponing  of  any  quantity  of  dilated 
liquid  that  may  bo  discharged  from  a  town.  Speaking  generally, 
they  each  appreciate  the  fertilising  elements  which  sewage  contains 
as  well  as  the  advantage  of  a  plentifcl  supply  of  water  if  applied 
under  favourable  conditions.  They  decline,  however,  to  deal  with 
sewage  that  they  mnst  dispose  of  at  all  times,  and  under  all  circimi' 
stances,  in  wet  weather  and  in  dry  weather,  in  winter  and  in 
snmiDcr,  at  night  as  well  as  in  the  day,  on  Sundays  as  well  as  on 
week  days,  and  when  the  land  is  in  crop  as  well  ob  when  it  ia 
in  fallow,  simply  because  tliey  cannot  bo  masters  of  their  own  pro- 
ceedings.    (See  Section  CII.) 

Having  fltrmcd  somewhat  largely  myself  and  holding  at  this 
moment  a  small  sewage  farm,  I  thoroughly  appreciate  these  objec- 
tions. Such  experienee  as  we  have  already  had  unmistakably  proves 
that  neither  sewage  farming  aiming  at  the  growth  of  cereal  crops  in 
rotation  with  pnlse  roots  and  artificial  grasses,  or  superior  market 
gardening,  which  some  would  call  refined  kitchen  gardening,  in 
which  lettuces,  spinach,  onions,  and  other  crops  of  small  growth 
alternate  with  coarser  vegetables,  will  pay  ;  but  that  sewage  can  be 
BUCcesBfuUy  and  profitably  applied  to  crops  of  the  cabbage  tribe 
— to  mangolds,  and  other  succulent  roots — and  to  Italian  rye-giaas 
in  areas  limited  to  local  demand.  We  have  found,  too,  that  'we 
may  occasionally  take  advantage  of  land  previously  sewaged  to  grow 
cereals  and  pnlse,' 
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[The  report  of  the  Committee  appointed  by  Mr.  Sclater- 
Booth,  the  President  of  the  Local  &oyemment  Board,  has 
been  just  issued  (December,  1876).  Without  attempting  to 
show  in  what  way  sanitary  authorities  can  profitably  utilise 
land  purchased  or  leased  for  the  cleansing  of  sewage,  which 
it  was  hoped  would  have  been  done,  the  Committee  have 
been  content  to  reiterate  the  fact  so  generally  conceded  (see 
Section  XC),  that  '*  town  sewage  can  be  best  and  most 
cheaply  disposed  of  and  purified  by  the  process  of  land  irri- 
gation for  agricultural  purposes  where  local  conditions  are 
favourable  to  its  application,"  admitting  at  the  same  time 
that  "  the  value  of  sewage  is  greatly  reduced  to  the  farmer 
by  the  fact  that  it  must  be  disposed  of  day  by  day  through- 
out the  entire  year."  The  Committee,  after  giving  numerous 
details,  tabulate  the  results  of  their  inquiries  in  the  following 
form. 

Comparison  of  the  Loss  of  disposing  of  Town  Sewage  in  proportion  to 

the  Annual  Rateable  Value  of  the  Town. 

By  Irrigation,  plus  Scavenging. 

Name  of  Annual  Rateable  Annual  Cost 

To¥ni.  Value.  in  the  Pound. 

£  8.  d. 

1.  Banbury        34,104  0  1 

2.  Bedford         66,000  0  1 

3.  Blackburn     235,127  0  11| 

4.  Cheltenham 217,849  0  O} 

5.  Cborley,  Lancashire 54,407  0  7 

6.  Doncaster      ...  68,721  0  3j 

7.  Harrogate     ...         ...         ...  50,000  0  5|j 

8.  Leamington 118,400  0  6| 

9.  Merlhyr  Tydfil          135,000  0  7^ 

10.  Rugby  45,000         0    IJ 

11.  Tunbridge  Wells      142,914        0  10 

12.  Warwick       43,339         0     6J 

13.  Wolverhampton        210,000 

14.  West  Derby 163,000 


*.•         .  .• 


•*• 


0     3^ 
0     6j 

15.  Wrexham' 32,000        Nil. 

By  Chemicalty  plus  Scavenging. 

16.  Birmingham 1,229,844        ...         r^         0  10 

f  To  the  corporation  nil 
I      for  disposing  of  the 

17.  Coventry,  by  a  company    ...       101,438  \      sewage ;  but  at  Sjd. 

I  in  the  pound  for  sca- 

L  venging. 

18.  Bolton-le-Moon      811,663  0    84 

19.  Leeds 946,141  ...        ...        0    9} 

20.  Bradford      745,671  0    6 
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By  lie  Pail  S^Mni  ul  nncidalt.  '  Tit  Crwif  Sru/ogejlavii  it(o  Iht  Rlci 
fTh*crufl«Mw- 

Sl.  Hilirix        2a-i,i»i  -i   ase flow« Into 

(  Ihorlvtr     ...     0    * 

n.  CDebdnle      322,1)00 0    8j 

Bj  iMafl  Filtration  nl  Krnri-'.. 
23.  Kendal         H.  600  0    i 


It  will  be  observed  by  investigating  the  foregoing  Table  und 
compuring  its  figurea  with  tlie  details  upon  wliich  it  is  based 
(and  whicli  thn  Committee  supply),  tbat  the  conditions  of  no 
two  towns  arc  alike,  nnd  that  certain  outlay  is  included  in  some 
cases  which  isexeladed  in  others,  so  as  to  produce  confusion 
rather  than  anything  else.  Towns  wliere  the  sewage  is  pumped 
are  mixed  np  ivith  those  where  the  sewage  is  discharged  by 
gravitation,  and  the  "  charges  upon  the  ratepayers"  are  placed 
in  tlie  same  column,  although  the  cost  ot  dehvei7  in  one  case 
is  groat  and  in  the  other  only  nominal ;  while  the  works  of 
one  corpoi-ation  (Doncaster),  having  the  advantage  of  utilising 
their  own  land  which  they  have  let  at  a  rent,  including  ecuiage, 
of  3/.  an  acre,  ave  brought  into  comparison  with  thoac  of  other 
anthoritics  which  have  had  to  pay  aa  much  as  121.  to  14/.  an 
acre  to  Hijuidate  the  cost  of  the  land  purehased  (Tuubridge 
Wells  and  Kendal).  Again,  taking  Banbury  and  comparing 
it  with  Kendal,  it  will  he  seen  that  although  2.9.400^.  has 
been  expended  in  land  in  the  first  case,  which  at  6  per  cent. 
interest  to  repay  the  cost  would  involve  an  annual  charge 
of  1400/.  on  the  ratepayers,  only  622/.  a  year  U  rrpruenUd 
to  he  Iha  rent  of  the  land  utilised,  while  in  the  last  case, 
where  a  plot  of  land  comprising  66  acres  was  purchased 
for  16,3?I/. — of  which  60  acres  in  extent,  costing  upwards 
of  1:3,000/.  of  this  money,  fiave  never  for  a  eingle  day  been 
vted  for  sewaye — the  whole  amount  of  annual  instalment 
to  pay  off  the  16,371/.  is  charged  against  the  sewage  dis- 
posal on  sixteen  acres  only  !  The  mode  of  disposal  at  Ban- 
bury is  wide  irrigation,  involving  a  loss  of  3U.  in  the  pound 
on  the  ratepayers,  instead  of  Id.  as  represented.  The  treat- 
ment at  Kendal  is  intermittent  downward  filtration  through 
five  acres  comhineil  with  wide  irrigation  over  eleven  acrfts, 
and  the  result  has  hecn  a  charge  upon  the  ratepayers  of  Ijd. 
in  the  poand  instead  of  id.  at  rep-etenUd  in  thii  report  1 

As  the  engineer  who  advised  tlio  Kendal  corporation,  I 
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forbear  to  make  any  observivtiou  on  tlie  manner  in  which 
this  case  lias  been  represented  by  the  Committee.  I  most 
refer  my  reailera  to  page  32  of  the  report,  and  my  own 
description  of  the  facts  in  Section  CI. 

XCni. — The  Solid  MiTisKa  cosTiiNai'  in  Sewage.  To  effect 
the  perfect  oleaiising  of  liquid  sewage  it  is  absolnteJy  necessary  to 
provide  for  the  treatment  of  the  sohd  portions  in  some  way  or  other. 

The  quantity  of  the  solid  portions  present  in  sewage  varies  con- 
siderably, and  is  increased  in  proportion  as  trade  refuse  is  admitted 
into  the  sewers.    They  exist  in  three  gradations  of  weight  and  size. 

In  the  Jirst  are  included  the  bulky  substances  to  which  I 
have  before  referred,  and  which  woald  interfere  with  the  valves  of 
pumps  if  raised,  or  would  be  offensive  and  obstructive  to  plant 
growth  if  distributed  on  the  surface  of  land.  They  consist  of  almost 
every  imaginable  thing  from  a  dead  cat  to  a  wine  cork,  and  thoy  are 
generally  arrested  and  extracted  by  screening.  Not  being  of  any 
large  aggregate  amount,  they  are  readily  removed  when  screened 
out  of  the  sewage. 

In  the  solids  of  the  second  gradation  are  included  the  smaller 
bnt  heavy  substances  which,  after  passing  through  a  screen,  quickly 
sink  by  their  weight  to  the  bottom  of  any  tank  or  receptacle  while 
the  sewage  is  in  motion.  They  include  the  detritus  from  roads  and 
other  heavy  mineral  refuse.  The  road  detritus  or  sand  being  valu- 
able in  itself  may  be  separated  from  the  lighter  substances  by  mecha- 
nical deposition  in  tanks,  and  this  is  done  effectnally  in  mauy  places. 

The  saspeuded  substances  of  the  third  gradation  comprise 
tho  organic  matter  and  thoao  minute  inorganic  substances,  in- 
cluding very  fine  sand,  which  float  onwards  and  deposit  them- 
selves very  slowly  even  when  tho  containing  liquid  is  in  a  quiescent 
state.  When  the  sewage  is  in  motion  the  precipitation  of  these 
minute  substances  can  only  be  readily  effected  by  mixture  with 
certain  chemicals.  This  last  description  of  sohd  matters  is  tech- 
nically termed  "sludge,"  and  it  was  with  reference  to  it  that  tho 
Committee  of  the  House  of  Commons  appointed  to  consider  the 
Birmingham  Sewerage  Bill  declared  that  "no  sewage  should  be  put 
upon  any  land  without  having  been  previously  defecated  in  tanks." 
This  nnfortunate  declaration  of  a  Parliamentary  Committee  has 
made  "slndgo"  a  much  more  important  item  in  tho  sewage  question 
than  it  could  otherwise  have  become.  Not  only  is  it  still  dcclni'cd 
that  sludge  forms  a  material  from  which  dry  portable  manures  may 
bs  mode,  but  its  existence  has  been  asserted  to  be  aa  obstacle  to  the 
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use  of  land  cither  (or  tha  cleansing  or  the  utilisation  of  aewnge, 
becanse — mn,rk  the  Btatenient — it  cfoiji  the  pores  of  the  toil.' 

Upon  those  fieveml  points  I  shall  hnve  remarks  to  make  hereafter, 
Tplien  T  shall  hope  to  place  the  matter  in  a  very  diffei-ent  light. 

In  the  meantime  it  is  desirable  that  it  should  be  clearly  under- 
stood  that  alter  these  solid  matenak  bavc  been  extracted  as  far  as 
they  can  ho,  by  artificial  proceate*,  the  liquid  itaelf  will  af  ill  contain 
a  great  proportion  of  the  pollntiiig  matters,  and  will  still  have  to 
be  cleansed  by  some  supplementary  process  before  it  can  be  legally 
discharged  into  any  inland  river  or  watercourse. 

If  we  read  the  published  statements  of  the  Phosphate  Sewage 
Company,  we  shall  find  that  that  company  actaally  professes  to 
leave  the  water,  after  treatment,  containing  "  all  its  nitixigenous  and 
valuable  properties,  pins  any  excess  of  phosphoric  acid  which  baa 
been  added  by  the  process,  and  therefore  more  kiffhti/  uetj\il  for  tbfi 
irrigation  of  cereal  ami  other  crops."  Two  other  processes — one 
known  as  Dr.  Anderson's  anlpliate  of  alumina  process,  and  the 
other  as  Hillo's  process — do  much  tho  same,  and  these  treatmenta 
have  been  supplemented  by  subsequent  applications  to  land,  in 
order  to  justify  the  admission  of  their  effluents  into  rivers,  (See 
Section  XCV.) 

XCIV. — Of  Sludge,  It  is  necessary  to  recur  more  particularly 
to  the  third  gradation  of  the  solid  matter  in  sewage  known  as 
"  sludge,"  because  although  of  very  little  real  valno  of  itself  it  is  the 
material  constituting  the  corpus  or  base  of  the  sundry  dry  manures 
made  from  sewage,  and  because,  as  already  intimated,  its  existence, 
ever  since  the  decision  of  the  Birmingham  Committee  (see  last  sec- 
tion), has  been  spoken  of  as  a  difficulty  in  the  way  of  sewige  dis- 
posal by  lauJ,  which  it  is  well  should  be  removed  from  the  public 
luind. 

At  Birmingham,  where  the  outflow  of  sewage  is  abont  twelve 
millions  of  gallons  daily,  and  lime  bas  been  used  as  a  precipitant 
mixed  with  the  sewage  at  the  rate  of  23^  cwt.  per  million  gallona,  the 
road  detritus  and  sludge,  together  with  the  lime,  amount  on  an  average 
to  about  360  cubic  yards  daily.  Such  is  the  worthless  character  of 
the  second  material  (sludge)  that  no  one  will  take  it  away  at  a  gift, 
and  it  is  tbei-ofore  dug  into  land  forming  part  of  the  Saltlej  Farm 
and  buried  out  of  sight.   About  one  acre  a  week  is  so  appropi'iated. 

BeHeving  that  the  sewage  of  Birmingham  contains  more  tban  an 
average  proportion  of  floating  solid  material  wo  may  fairly  assume 
that  in  a  town  containing,  say  40,000  persons  consuming  25  galloits 
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of  water  por  liead  per  diem,  and  tlierffore  yiakling  daily  1,000,000 
gallons  of  sewage  proper,  the  detritus  and  sludge  together  will 
never  exceed  30  cubic  yards  per  diem.  Of  sludge  alone  the  qnnntity 
would  Held om  exceed  100  grains  per  gallon,  and  it  is  the  existence 
of  tLia  material  in  combination  with  more  or  leas  road  ■detritus  that 
has  been  made  an  objection  to  the  use  of  land  for  the  cleansing  of 
sewage  by  representing  it  as  "  ologging"  its  pores.  It  wonld  ill 
become  mo  to  attribute  any  unworthy  motive  to  tho.so  who  have 
done  ao  much  to  magnify  tbo  importance  of  "  sludge,"  but  it  may 
be  fairly  assumed  that  where  so  much  capital  has  been  ombai-ked 
in  the  purchase  of  patents,  and  in  launching  sewage  manure  com- 
panies, every  efibrt  would  be  made  to  uphold  them,  and  to  show  that 
the  solid  portion,  if  of  little  intriusic  value  to  the  manure  maker, 
may  be  mischievous  wLen  spread  on  land,  and,  therefore,  moat  be  got 
rid  of  in  somo  way  independently  of  land  treatment. 

My  own  conviction  is  that,  if  properly  distributed,  sludge  ou  land 
generally  dora  good  itither  ihan  harm,  and  that  in  fact  it  is  very 
seldom  that  it  has  an  objectionable  effect,  (See  Section  XCTI,) 
Hai'm  sometimes  occurs  in  wide  surface  irrigation  when  tjie  quantitry 
of  solid  matter  discharged  from  the  sowers  is  very  large,  such  as  is 
the  case  occasionally  when  storms  wash  out  the  sewers  after  aceu- 
mntation  of  solid  matters  during  drongbt,  and  when  it  is  allowed  to 
settle  in  clots  in  hollows  on  the  surface  to  kill  growing  vegetation, 
end,  possibly,  to  give  off  effluvia.  Injury  to  vegetation  is  more  likely 
to  occur  under  such  circumstances  when  solid  trade  refuse  is  ad- 
mitted into  sewers.  In  the  latter  case  it  may  Iw  desirable  not  to 
depend  wholly  upon  land  for  the  complete  disposal  of  the  solid 
matters,  but  to  have  recoarse  to  some  means  of  precipitation  which 
shall  concentrate  the  solid  matters  and  allow  of  their  separate  treat- 
ment.    (See  Section  XCV.) 

At  the  Lodge  Farm,  Barking, ^t  Doncaster, — at  Warwick, — at 
LeamingtOD, — and  at  many  other  places  in  this  country,  sludge 
has  not  been  found  to  be  any  difficulty  at  all  when  applied  to  land, 
and  the  same  may  certainly  be  said  with  regard  to  the  Paris  Sew- 
age Farm  at  Gen  n  evil  Hers,  where  the  sludge  is  designedly  collected 
in  tlie  fiirrowB  by  whicli  the  liquid  is  distributed  to  the  growing 
crops.  Already  I  am  glad  to  say,  too,  an  instance  may  be  quoted 
in  which  an  urban  sanitary  authority  in  the  Home  Counties  has  filled 
up  the  tanks  that  had  been  used  for  the  precipitation  of  slttdge,  and 
has  decided  npon  straining  &om  the  liquid  applied  to  the  land  the 
coarser  matters  only,  trusting  to  the  soil  to  appropriate  and  purify 
the  remainder. 

T  2 
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[The  report  of  Messrs.  Eawlinson  aod  Read  contains  the 
following  valuable  repoi't  of  Dr.  Voclcker,  P.R.S.  It  ex- 
poses  with  singular  fovco  the  almost  worthless  character  of 
aludge  when  separatad  from  sewage  liquid.  In  order  to 
ascertain  the  value  of  the  fertihsing  properties  of  sewage 
and  excreta,  and  also  of  the  manures  manufactored  there- 
from and  of  their  eommereial  value  to  the  farmer,  the 
Committee  collected  samples  at  Boltou,  Bradford,  Leeds, 
Coventry,  Rochdale,  and  Halifax,  and  caused  them  to  be 
analysed  by  Dr.  A,  Voelcker,  and  the  following  is  his  report 
thereon. 

"  On  Ihe  Fsrtitisiiiff  and  Camm^rcial  Valits  of  Siicmge  and  Nigit-Moil 
Maauret. — The  fertiliHing  and  commercial  value  of  sewage-sludge  and  of 
portable  manurea  prcpartil  from  sewage,  night-eeil  manureB,  aud  of  cotamon 
farm-yard  manure,  chiefly  depeeds  upon  the  proportions  of  phosphate  of 
lime,  potash,  and  nitrogen  which  these  fertiliacrs  contmn, 

>*  These  fertilising  constitueets  of  manures  can  ba  bought  at  the  present 
time  in  the  form  of  concentrated  artlGciul  uianures,  such  as  guano,  bone 
dust,  sulphate  of  ammouia,  &c,,  at  the  following  rates : 


Phosphate  of  lime  at 
Fotaah  at 

Nitrogea  calculated  a: 


a  at 


Id.  per  lb. 
2d.      „ 


I  need  hardly  say  that  in  such  concentrated  forms  phosphate  of  lime, 
potash,  and  ammonia  have  a  much  greater  value  t'haa  they  possesa  in  the 
shape  of  manures,  the  bulk  of  which  mainly  consists  of  msterials  without 
value,  and  occurring  in  shundanco  in  almost  every  kind  of  soil. 

"  I  would,  however,  direct  attention  to  the  fact  that  according  to  my 
own  experience  and  that  of  others,  sewage  manures,  night-soil  manures, 
and  ordinary  farm-yard  manure  contain  but  httle  ready-formed  ammotua, 
and  that  by  far  the  largest  proportion  of  the  nitrogen  in  these  mannrei 
occurs  in  them  in  the  shape  of  nitrogenous  organic  matters,  in  which  form 
nitrogen  is  less  eflicacious,  and  iu  consequence  less  valuable,  than  in  the 
form  of  ready-formed  ammonia  or  salts  of  ammonia. 

"  In  estimating  the  theoretical  value  of  manures  the  nitrogen  is  gene- 
rally nsaumed  to  be  present  in  sewage  and  similar  bulky  manures  in  the 
form  of  amuionia,  or  at  all  events  to  have  the  same  value  as  the  nitrogen 
in  the  salts  of  ammonia.  This  in  my  opinion  is  a  mistake,  and  the  nitro- 
genous constituents  of  sewage  manures  are  valued  at  too  high  a  rate  if 
their  uitrogeu  is  calculated  into  ammouia,  and  8d.  allowed  for  each  pound 
of  the  calculated  amount  of  ammonia.  In  order  to  avoid  the  charge  of 
having  put  too  low  an  estimate  upou  the  fertilising  coiistituenta  of 
sewage-manures  I  have  allowed  in  the  estimate  Sd.  per  pound  for  the  cal- 
culated amount  of  ammonia  which  the  nitrogenous  matters  in  a  ton  of 
manure  aro  capable  of  gradually  producing  under  the  moat  favourable 
circumstances  on  their  final  decomposition. 

The  following  tabular  statement  shows  at  a  glance  the  theoretical  or 
calculated  money  yalue  of  the  different  sewage  manures  which  were  sub- 
mitted to  me  for  analysis : 
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"  Theoretical  or  estimated  Money  Value  of  one  Ton  of  the  treated 
Sewage  Sludge. 

£     B.    J. 
(1.)  Bolton  sludge— from  the  M.   Riid  C.   sewage 

process*  0     9     8J 

(9.)  Tiie  snnie  dried,  leaving  15  per  cent,  of  moiature 

in  the  sludge      Ill 

(3')  Solids  drained  from  sewage  before  the  liming 

procesa  nt  Bradford 0  11    Oj 

(4  )  The  Bame  with  15  pnr  cent,  of  moiature  ...     0  19     3 

(S.)  Bradford  Corporation  Sewage  Outfall  Works, 

sludge  from    drying   pits,    no   artificial    heat 

being  used         0    4    8 

(6.)  The  same  with  15  per  cent,  of  moisture  ...     1     0     OJ 

(T.)  Deposit  from  the  sewage  of  Leeds  treated  hy 

the  A  B  C  procees       0    8    4^ 

(S.)  The  same  with  13  per  cent,  of  moisture  ...     0  16     %] 

(9.)  Jlanure  produced  by  the  General  Sewage  Manure 

Company  at  Coventry  0  10     91 

(10.)  Rochdale  manure 0  15  Hi 

(11.)  Manure  manufactured  by  the  Goux  Company  at 

HaUfai 0  17    7 

"  According  to  the  moat  reliable  statements  the  separation  of  the  aus- 

5 ended  matters  of  sewage  by  precipitation  and  filtration,  and  the  pro- 
uction  of  one  t«n  of  dried  sewage  deposits,  apart  from  the  costs  of  the 
precipitation  agents  which  are  used,  entuls  an  expense  of  about  30s.  foi 
each  ton  of  portable  dried  sewage  manure.  It  is  evident,  therefore,  that 
the  coat  of  manufacture  considerably  exceeds  the  theoretical  or  calculated 
money  value  of  every  one  of  the  sewage  deposit  raanurea,  the  com- 
position of  which  is  given  in  the  results  of  analysis  in  Appendices  No.  I, 
2,  and  'S.  The  estimated  money  value  of  sewage  and  uight-eoil  manures, 
as  has  been  staled  already,  does  not  fairly  represent  their  real  com- 
mercial value.  The  bulk  of  all  the  samples  submitted  to  me  for  ana- 
lysis consists  of  matters  which  occur  ia  abundance  in  almost  all  soils, 
and  which  at  any  rale  have  no  commercial  value,  or  rather  have  a. 
negative  value,  inasmuch  as  carriage  has  to  be  paid  for  them,  and  the 
application  of  bulky  manures  neceraarily  is  more  cipenBive  than  that  of 
coBCCDtrated  manures,  such  as  guano  or  bone  dust,  it  ia  therefore  mani. 
festly  practically  wrong  to  estimate  the  money  value  of  such  bulky  and 
poor  manures  by  the  same  atandird  of  prices  at  which  the  commercial 
value  of  guano,  bone  dust,  sulphate  of  ammonia,  and  similar  concentrated 
artificial  manures  are  estimated.  A  more  rational  and  correct  estimate 
of  the  true  value  of  sewage  and  night^oil  manures  is  obtained  by  comparing 
them  with  ordinary  farm-yard  manure,  and  the  price  which  is  paid  for  the 
latter. 

"  Good  farm-yard  manure,  I  find,  contfu'ns  on  an  average  in  the  ton 
6}  lb.  of  soluble  phosphate  of  lime.  8)  lb.  of  insoluble  phosphate  of  lime, 
131b.  of  potash,  and  nitrogen  equal  to  17i  Ih.  of  ammonia. 

"  By  allowing  for  soluble  phosphate  of  lime  2d.  per  lb.,  the  same  price 
for  potash.  Id.  per  lb,  for  insoluble  phosphate  of  lime,  and  Sd.  per  lb.  for 
ammonia,  the  calculated  money  value  of  a  ton  of  farm-yard  manureamounta 
to  15s.  7id.,  as  will  be  seen  from  the  following  figures : 


n  iha  \au^[t  or  U 
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I,  equal  to  17i  lb.  of  a 

at  Sd.  per  lb. 


Total  calculated  mooey  value  of  a  tou  of  farm-f  ard  m 


15    7i 


"  It  thiiB  sppeaia  that  if  we  eatimato  the  monej  value  of  good  furm-f  ard 
manure,  accordiug  to  the  same  rules  at  which  the  principal  fertilising  codbU- 
tueiits  in  the  dung  can  be  bought  in  cooceutrated  manurcB,  oue  t^u  of  fsrui- 
yard  manure  would  be  worth  in  rouud  numbers  1S«.  However,  good  dung 
can  be  bought  in  manji  placee  at  5b.  per  ton,  or  one-third  its  estiniBted 
monej  value,  aod  praeticallj  the  highest  price  which  a  fanner  can  afford 
to  pay  for  good  dung,  if  ho  has  to  cart  it  even  a  few  milea,  would  not 
exceed  7s-  Gd.  per  ton,  one  half  its  estimated  monej  value.  The  differeace 
between  the  estimated  money  value  of  farm-yard  manure  (calculated  at 
the  market  rate  of  the  constituentg  when  sold  as  concentrated  arlifictal 
roannres)  and  the  aotual  market  price  may  be  fairly  taken  to  represent 
the  difference  in  practacal  value  caused  by  the  greaier  expense  of  the  car- 
riage and  application  of  farm-yard  manure,  and  the  less  vigorous  octioD  of 
organic  nitrogenous  compounds  as  compared  with  ammonia  salts. 

"  In  estimatiug  tJic  commercial  value  of  sewage  and  mght-soil  moDure, 
the  calculated  value  of  which  does  not  exceed  1/,  Is,  per  ton,  predaely 
the  some  cireumBtimcea  have  to  he  token  into  account  which  affect  ao 
largely  the  market  value  of  ordinary  farm-yard  manure.  Accordingly 
the  price  which  the  farmer  can  afford  to  pay  for  the  sewage  and  night-ioQ 
manures,  analysed  by  me,  or  their  real  money  value,  will  be  only  from 
one-third  to  one-half  that  of  the  calculated  estiniatea  given  on  the  bana 
of  their  aoalyeea. 

"  The  following  Table  shows  the  market  price  or  real  money  value  of 
the  various  sewage  and  night-soil  manures,  iiampkB  of  which  were  submitted 
to  me  for  analysis. 

'■  Practical  or  Market  Value  of  one  Ton  of  the  treated  Sludge, 

B.    d.         s.   d. 
1.  Bolton  sludge  from  the  M.  and  C.  sewage 

process  3     3  to 

3.  The  same  sludge,  15  per  cent,  of  moisture...     7     0   „ 

3.  Solids  drained  from  sewage  before  the  liming 

process  at  Bradford  3    8   i, 

4.  The  same  witt  15  per  cent,  of  moisture      ...     6    6  „ 

5.  Bradford  Corporation  Sewage  Outfall  Works, 

sludge  from  drying  pits  without  artiRcial 

heat ]     a  „ 

6.  The  same  dried  with  15  per  cent,  of  moisture    Q    8  „ 

7.  Deposit  from  the  sewage  of  Leeds  treated  by 

the  ABC  process 3     9  n 

8.  Theaamosladge  with  15  per  cent,  of  moisture    5    6  „ 

9.  Klanure  produced  by  the   General   Sewage 

Manure  Company  at  Coventry       5     (I  „ 

10.  Rochdale  manure         6     4  i, 

11.  Manure  manufactured  by  the  Goux  Com- 

pany at  Halifax        6  10  „ 
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"  In  my  judgment  thU  tabular  stotement  twrly  represents  tho  money 
value  of  eleven  difFcTcnC  sampks  sent  to  me  for  aunljHia  at  the  place 
where  the  manures  were  produced. 

"  Some  of  the  products  are  north  a  good  deal  less  thnu  an  equal  freight 
of  common  dung,  which  fully  cxplaioB  the  citcumstance  that  moat  sewage 
manures  find  no  ready  Bale  cren  at  a  low  price,  and  that  in  many  workg 
such  manures  accumulate  to  an  inconvenient  extent, 

"  Indeed,  comparatively  few  farmers  are  so  situated  that  they  can  afford 
the  expense  of  carting  Bcmi-dried  sewage  sludge,  containing  from  60  to  70 
per  cent,  of  moisture,  from  the  worlta  to  their  fields.  The  refusal  to 
accept  such  sludge  aa  a  gift  in  not  a  few  instancea  rather  shows  sound  dig. 
crimination  than  ignorance  on  the  part  of  the  farmers. 

(Signed)  "  Augustus  Voelckeb."] 

XCV. — The  Clahikication  of  Liquid  Sewaoe  by  Mechanical  Sub- 
sidence OH  Chemical  Pkecimtatios  in  Tasks; — Scott's  PaocEsa ; — 
AND  LiEKSUB'a  SvsTEM  Of  TREATMENT.  I  iiave  stated  (sec  SMtion 
LXXX.)  tliat  Uie  sewage  of  towns  on  tho  seaboard  and  of  towns  on 
tidal  rivers,  the  wtitera  of  which  nro  not  used  for  domestic  parposea, 
maj  be  treated  difibrentlj  fi'om  that  of  towns  situated  upon  inland 
rivers,  the  waters  of  which  are  used  for  drinking  aa  well  as  for  other 
purposes  ;  and  I  have  sng^ted  that  in  certain  instances  any  one  of 
the  tried  chemical  processes,  supplemented  or  not  by  land  filtration, 
may  be  adopted  to  eflect  the  necessary  clarification  of  the  sewage 
before  it  is  discharged.  I  have  admitted,  too,  lliat  in  veiy  excep- 
tional  iustances  of  towns  on  inland  rivers  it  may  be  necessary  to 
separate  a  portion  of  the  suspended  matters  from  the  liquid  sewage 
before  applying  it  to  land.  In  such  cases  tank  arrangements  must  be 
resorted  to,  whether  the  desired  deposition  is  effected  simply  by  me- 
chanical Hubsidonco  or  by  means  of  chemicats  added  to  tbc  sewage. 

Mechanical  Subnilfiiee. — The  mechanical  subaidonco  of  tho  sus- 
pended matters  of  eewnge  is  generally  effected  in  tanks  by  the 
aid  of  straining  divisions  of  one  kind  or  another.  Tlie  wider  and 
longer  the  tank,  and  the  finer  the  divisions  of  the  screens,  the 
greater  the  quautity  of  material  separated  and  deposited.  But  all 
tank  arrangements  are  objectionable,  whether  they  bo  adopted  by 
themselves,  or  as  preliminaries  to  the  cleansing  of  sewage  through 
land.  The  object  to  aim  at,  therefore,  is  to  limit  their  use  ns  much 
as  praoticable, — and  whore  land  is  resorted  to  the  minimum  tank 
nn-angement  may  anfEeo.  All  that  ia  then  required  is  tho  straining 
of  tho  coarse  particles,  the  intercepting  of  the  heavy  road  dotritus, 
and  the  extraction  of  floating  trade  refusewhere  it  exists  in  more  than 
the  ordinary  quantity. 

Chemical  PrecipiCation. — There  are  sundt^  precipitating  pro- 
cosaes  commanding  more  or  less  approval  which  may  be  adopted  in 


'272 


TREATMENT  AND  DISPOSAL  OF  SEWAGE. 


nid  of  natural  Bubaidenco.  TLeae  not  only  effect  clftri6cation,  bnt 
ang-mont  the  quantity  of  deposit — the  vnlue  of  which  ia  in  a  greater 
or  less  degree  inei-eased  by  the  obaracler  of  tbe  chomicala  eia|ilojed 
in  the  operation — which  when  dried  becomes  u  portable  manure, 
and  if  sold  will  go  aomo  way  towards  the  cost  of  the  chemicaU,  if  it 
does  no  more.  I  irill  describe  the  oliemical  proceBsea  which  have 
received  the  most  attention. 

(I.)  The  AS  0,  or  Native  Oaano,  Proem.— The  ABC  pro- 
CGRS  is  a  patented  method  of  treating  sewage  possesBed  by  tho 
Native  Gnano  Company,  who,  with  a  genuine  belief  in  the  value 
of  their  patent,  are  pressing  it  npon  the  attention  of  sanitary 
anthorities.  The  name  of  this  process  wrs  derived  from  the 
initial  letters  of  the  chemicals  used — vis,,  (A)  alum,  (B)  blood, 
and  (C)  clay  and  charcoal.  The  uao  of  alum,  however,  has  now 
been  abandoned  ou  the  ground  of  expense,  and  a  substitute  for  it 
has  been  found  in  a  crude  sulphate  of  alumina,  manufactured,  it  is 
stated,  at  one-fourth  (lio  cost,  The  blood  used  is  mixed  with  clay 
when  quite  fresh,  and  the  mixture  is  said  to  act  as  a  fine  filter.  Tho 
clay  used  acts  as  a  detergent,  and  is  intended  to  carry  down  by  its 
vreight  the  alomina  precipitate,  and  to  absorb  the  organic  matter  in 
the  sewage  as  well  as  a  proportion  of  the  ammonia.  The  charoo&l 
acts  as  a  deodorant  and  deeoloriser  to  absorb  and  decompose  tlie 
aewage  gases,  and  to  convert  them  into  new  compounds.  The  follow- 
ing extract  &om  a  paper  prepared  by  Mr.  Rawson,  the  managing 
director  of  the  Native  Guano  Company,"  will  eiplain  the  action 
which  takes  place  on  the  mixture  of  these  ingredients  with 
sewage. 

"  When  sulphate  of  alumina  ia  brought  into  contact  with  sewage — 
n  slightly  alkaline  liquid  charged  with  nitrogenous  organic  matter — 
tbe  alumina  is  separated  in  flocks,  and  by  virtnc  of  its  remark- 
al)le  afiinity  for  dissolved  organic  matter,  each  particle  seizes  hold 
of  and  drags  down  with  it  a  corresponding  particle  of  nitrogenouo 
impurity.  But  the  preoipitated  hydrate  of  alumina  ia  light  in 
character,  and  although  it  would  ultimately  settle,  leaving  a  clear 
li(|nid  above  it,  the  slightest  agitation  causes  it  to  float  up,  and  tima 
renders  it  difficult  on  the  large  scale  to  drain  off  the  mud.  Tho 
difficulty,  however,  is  overcome  by  the  introduction  of  tho  clay. 
This  substance  has  a  curious  physical  property ;  when  finely  ground 
up  with  water  it  forma  a  creamy  emulsion  which  takes  many  days  to 
settle,   but  on   meeting  with  sulphate  of  alumina  it,  like  albumen, 
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coagulates  and  settles  down,  iQ  heavy  granalar  flnkea.  Now,  in  tlie 
procDss  Dnder  cons idera Lion,  Ihe  triple  precipitation  occurs  at  odo 
time,  and  the  three  reagents  becoming  closely  locked  together,  the 
heavy  character  of  the  clay  gives  density  to  the  mass,  and  causes  it 
to  settle  rapidly  and  remain  in  a  compact  form  at  the  bottom  of  tho 
tank.  Any  foul  gases  that  may  remain  in  solution  in  the  water  thus 
cleansed  are  attacked  and  rendered  innocuous  by  the  charcoal.  To 
the  mnd  is  added  a  small  proportion  of  sulphuric  acid,  in  order  to 
prevent  the  loss  of  any  free  ammonia  timt  may  be  present,  and  then 
it  is  dried  in  heated  revolving  iron  cylinders,  whence  it  issnes  in  tho 
form  of  an  iiiodorons,  inoffensive  powder." 

The  process  has  been  tried  with  unequal  results  at  different 
places.  Among  the  earliest  efforts  of  the  company  wei-e  those  made 
at  Leicester  and  Leamington,  and  the  following  Table  taken  from 
the  Second  Report  of  the  Rivers  Pollution  Commissioners,  shows 
the  eatent  of  purification  effected  by  their  treatment  of  the  sewage 
of  the  latter  town. 


In  P»n.  per  lOft.ooo. 

— 

U*°btn   lofi 
on  Et.por»- 
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Orguto 
Kltrogm. 

ToUl 
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MM 
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The  "Native  Qaano"  produced  by  the  process  was  valued  by 
the  Eivers  Pollution  Commissioners  at  1/.  12s.  per  ton,  and  by  Dr. 
Voelcker  at  the  following  fignres  (Journal  of  the  Boi/al  Agricultural 
Secietif,  vol.  vi.  s.s.  part  ii.) ; 


0    11    6 


the  latter  basing  his  valuation  on  a  comparison  of  the  mannre  with 
phosphate  of  lime,  at  10/.  a  ton,  and  ammonia  at  602.  a  ton. 

Subsequently  tbe  Native  Guano  Company  experimentalised  for 
three  nionths  upon  some  of  the  London  sewage  as  it  was  disoharf^ 
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at  Ci-oaanesB,  and  Sir  J.  W.  Bazalgette  reported  to  the  Metropolitan 
Board  of  Works  OE  the  llth  January,  1873,  as  ibllowsi 

"Betweea  tho  27tli  August  and  the  30th  November,  1872, 
11,672,737  gallons  of  sewage  wery  experimented  upon,  being  about 
j-J^rd  part  of  the  average  flow  of  sewage  discliarguJ  at  Crasanesa, 
and  a^tb  part  of  tbe  aewage  of  London ;  and  about  ftbs  the 
quantity  proposed  to  be  treated  by  tbc  company,  who  intended  to 
have  erected  two  tanks,  each  capable  of  containing  125,000  gallons,  . 
by  tho  agency  of  which  they  stated  they  would  bo  unabled  daily  to 
effect  the  convcraion  into  solid  sewage  matter,  the  depoijit  from 
500,000  gallons  of  liquid. 

"  The  quantity  of  A  B  C  mixture  nscd  in  the  shape  of  alum,  clay, 
charcoal,  lime,  and  blood,  amounted  to  160  tons,  14  cwt.,  1  qr.,  13  lbs.; 
and  the  sewage  treated,  assuming  it  to  produce  100  grains  to  tLe 
imperial  gallon,  74  tons,  8  cwt,,  3  qrs.,  16 lbs.,  making  a  total  of  241 
tons,  3  cwt.,  1  qr.,  1  lb.,  giving  in  tbc  shape  of  dried -residue,  called 
native  gnano,  133  tons,  7  cwt.,  2  qrs.,  11  lbs.  Besides  this,  tho 
sabsiding  tanks  contained,  on  tho  30th  of  November  last,  4170  tons 
more  of  wot  mnd  deposit  than  they  did  at  the  commencement  of  the 
trial ;  Usia  would  produce  a  dried  residue  of  8'34  tons. 

"  The  total  espcodituro  amounts  to  8952.  'is.  3d.,  and  may  bo 
divided  thus : 

£     s.       d. 

Charcoal  (refuse  animal)      .         .         .         .  (53  W  9 

(wood) 3  13  G 

Alum  (emdo) 175  14  7 

Clay  alum 28  18  71- 

Clay  (common) 18  17  0 

Blood 2  13  0 

Coals 230  11  3i 

Lime 0     6  4i 


Manufacturing     .         .  .    £220  12     2^ 

Mechanical  supervision  .         38     0  10 

Chemical      .         .         .  .         33  10     4 

Sale    account,     bagging  and 

loading     .        .        .  .          8  15     3 

Office,  wages  of  boy      .  .           7  16     1^ 


Engine  sfores 14     7 

Manu&ctnring  stores  .  .         .         ,       47  IS 
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"  This  gives  tlie  cost  of  maoafactiire,  taking  tbo  dried  and  wet 
residue  as  perfect  native  gnano  (141'7199  tona)  at  6/.  6b.  id.  per 
ton,  eicluHivo  of  reat,  interest  on  capital,  depreciation  of  plant,  and 
other  incidental  items. 

"  About  80  tona  of  the  deposit  were  aont  across  the  rivev  to  Messrs. 
Sillars,  who  we  actively  concerned  in  the  manugement  of  the  AB  0 
Company,  to  mix  with  fish  manure.  Two  or  three  Ions  of  it  liave 
been  put  upon  a  small  quantity  of  land  routed  by  lliu  company  at 
CroasncBS  ;  about  10  tous  remain  in  n  wet  state  banked  np  npon  the 
greund,  about  40  tons,  in  a  dried  state,  arc  in  the  company's  sheds, 
and  a  few  tons  have  been  sent  away  in  small  quantities  as  samples, 
but,  with  the  exception  of  a  few  shillings,  the  company's  books  show 
no  returns  in  the  shape  of  sales  of  manure." 

Mr.  Keatcs,  the  consnlting  chemist  of  the  lletropolitan  Board  of 
Works,  on  the  same  occasion,  reported  that  bis  analyses  showed  that 
the  mean  composition  of  the  effluent  water  during  the  three  months' 
experiment  was  as  follows,  expressed  in  grains  per  gallon : 


In  the  middle  of  the  months  of  September,  October,  and  November, 
— i.e.,  on  the  ICth  day  of  each  month — the  constitnents  of  tho  effluent 
water  as  ascertained  by  Mr.  Keates'  analyses  were  as  follows  i 


AnilTBoa  eipretiod  is  QnUnt  per  OiUon. 

— 

Toul  Solldi 
In  BoIbUod. 
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JH 

8M 

«■* 
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The  rasDlta  of  Mr.  Keates'  examination  of  the  working  of  the 
ABC  process  at  Crossness  arc  thus  expressed  by  bim. 

"  Taking  into  eousideration  the  results  of  tbe  Ci-ossnesB  experi- 
ment,  chemically  considered,  T  como  to  the  following  conclusions : 

"  Firstly.  That  the  effluent  water  was,  on  the  whole,  very  good. 
Tbe  AB  C  treatment  so  far  clarified  and  defecated  the  sewage 
that,  looking  solely  i«  tlie  physical  condition  and  chemical  composi- 
tion of  the  water  pi-oduced  at  Crossutiss,  I  am  of  opinion  that  such 
water  was  in  a  fit  state  to  be  admitted  into  any  ordinary  rivev  witt- 
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ont  producing  a  dangerous  degree  of  pollution.  I  must  here  again 
direct  attention,  hoiveTcr,  to  the  extremely  dilate  slate  of  tlie  Ben-age 
during  the  oiperiment.  The  efTeot  of  thie  was  to  render  the  results 
Boraewhat  iiiconclastve,  as  it  ia  of  course  impossible  to  say,  at  least 
from  this  experiment,  how  far  the  A  B  C  treatment  would  defecate 
sewage  of  a  Htronger  character. 

"Secondly.  That  during  the  preparation  of  the  mamiro,  inclnd. 
ing  the  storing  of  the  moist  cakes  of  mud  from  the  presses,  and  tho 
final  drying  in  tho  drying  cylinder,  no  offensive  effluvia  were  emitted, 
and  that,  taking  tho  experience  of  Crossness  aa  a  guide,  the  A  B  C 
process  may  be  carried  on  up  to  tho  completion  of  the  manure  for  tUo 
market  without  producing  any  nuisance. 

"Thirdly.  That  the  value  of  the  manure,  aa  judged  of  by  itn 
chemical  composition,  does  not  exceed  twenty  shillings  per  ton," 

Perhaps  the  nearest  approach  the  Native  Guano  Company  have 
yet  made  towards  success  lias  been  that  accomplished  at  Leeds.  Of 
the  company's  trials  at  this  town  Mr.  Tatham,  the  chairman  of  the 
Sewage  Committee,  thus  speaks  (Society  of  Arts  Meeting,  May, 
1876)  : 

"  An  agreement  was  made  with  the  Native  Guano  Company,  the 
corporation  undertaking  to  erect  works  to  treat  two  million  gallons 
daily  as  an   expcnpent ;   the  company  to  work   tho  process  with  a 
stipulated  share  of  the  proceeds.     This  whs  done,  and  the  com- 
pany carried  on  the  work  at  the  experimental  tank  for  a  considerable 
time.     The  effluent  water  produced  was  watched  with  much  interest, 
and  analysed  by  Ur,  Frankland  and  others.     Dr.  Franklaud's  report 
was,   that    in  this   effluent   the    polluting  power  was  '  only  slightlj*   J 
beyond  tho  limits  proposed  by  the  Rivers  Pollution  Commissionera^'T 
and  this   standard,   it   is  known,  was   very  high.     A  fish  lived   f 
thrived  in  the  cSIueut  above  three  mouths,  whilst  another,  similarly  ' 
treated,  and  placed  iu  a  glass  globe,  but  supplied  with  the  town's 
water,  died  about  two  weeks  before,  thus  proving  to  the  Committee, 
notwithstanding  the  Commissiouers'  report,  that  tho  A  B  C  process 
would  suffice  for  the  purifying  of  the  Leeds  sewage,  and  that  the 
effluent  could  be  no  nuisance  to  tho  inhabitants  below  Leeds. 

"  After  our  experience  with  the  trial  tank,  the  Committee  resolved, 
whilst  not  binding  themselves  to  the  A  B  C,  to  construct  worka 
sufficient  to  deal  with  the  entire  flow  of  sewage  (now  between  1  'I  and 
14  millions  of  gallons  daily)  by  precipitation ;  such  works  being 
adapted  for  any  precipitation  process.  These  works  have  been  coo- 
stmcted  at  a  coat,  including  23  acres  of  land,  trial  works,  workmen's 
cottuges,  Ac,  of  about  60,000/. 
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"The  Native  Guauo  Company  not  being  ubie,  in  tiio  fauo  of  all 
the  opposition  they  cnconotcred  (official,  profcssiounl,  and  other- 
wise), to  sell  their  manure,  on  which  their  success  depended,  were 
compelled  to  diacontinne  working  the  process,  and  terms  were 
nrranged  between  the  company  and  the  corpomtion,  annulling  the 
contract  between  Ibem.  The  est&bliiihment  of  the  value  of  the 
native  goano  being  of  vital  importance  to  the  company,  thoy  pub- 
lished numeroOB  testimonials  as  to  its  value,  but  these  failed  to  create 
a  demand.  The  Commitlee,  to  satisfy  themselves  as  far  as  they  conld 
on  thia  point,  made  trials  on  ali  half-acre  plots  in  various  dressings, 
the  result  showing  an  advantage  of  9a.  Id.  on  the  produce  of  hay 
for  two  seasons,  on  the  plot,  in  favour  of  the  native  guano  at  3/,  10s. 
per  ton,  the  value  claimed  for  it  by  the  company,  over  Peruvian 
guano  at  15/,  per  ton,  while  the  quality  of  the  hay  was  the  best  ot 
any,  tliongh  calculated  all  at  the  same  price.  To  determine  the 
value  of  the  native  guano  as  far  aa  possible  by  actual  experiments, 
qnantitiea  varying  from  half  a  ton  to  five  tons  were  given  lo  agri- 
cnltnrista,  farmers,  market-gardeners,  and  others,  on  condition  that 
reports  should  be  furnished  to  the  Committee  of  the  results  obtained 
in  each  case.  Sixty  of  sach  reports  have  been  received  np  to  this 
time,  and  of  these,  40  are  favourable,  liaving  been  tried  on  grasa, 
turtiips,  and  other  root  crops  and  garden  produce,  thus :  4  on 
turnips  ;  20  on  general  produce  ;   G  on  grain  ;   and  10  on  grass. 

"  The  values  given  vary  from  7s.  to  bOj.  per  ton ;  only  nine  give  a 
money  estimate ;  the  average  appears  to  be  37s.  per  ton.  Twenty 
were  unfavourable,  tried  on  grain,  grass,  turnips,  &c.,  but  only  in 
four  cases  on  garden  and  general  prodace.  The  estimated  value  ia 
from  nothing  to  27s.  Gd.  per  ton.  From  those  returns  it  would 
appear  that  the  native  gnano  is  best  adapted  for  garden  produce. 
Klany  of  the  farmers  remark  that  the  season  was  nnfavoarable,  being 

"  The  position  in  wbich  we  stand  in  Leeds  to-day,  May  1,  1876, 
may  be  thus  summarised :  There  is  no  difficulty  in  purifying 
sewage  b)-  precipitation,  so  as  to  render  it  admissible  into  a  run- 
ning stream,  especially  one  like  the  River  Aire,  below  Leeds, 
without  causing  a  nuisance,  or  being  injurious  to  public  health, 
bnt  tbis  is  done  at  a  cost.  Whether  or  not  this  cost  can  he 
covered,  or  a  profit  made  by  the  sale  of  the  residuum,  remaius  to 
be  seen.  The  best  prospect  we  have  of  anch  return  is  from  the 
ABC  process.  We  have  at  present  to  choose  between  thia  and 
Hanson's"  {another  process  tried  by  the  Leeds  aiilhorilies) ;  "if 
his  residuum  ia  of  equal  value  with  the  native  guano,  and  will 
sell  as  readily,  bis  would  have  the  advantage;  or,  if  the  Ifative 
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Ghiano  Company  can  rcdnoe  the  cost  of  their  ingredients  and  work- 
ing to  that  of  Hanson's,  they  will  have  the  preference,  unlcaa  Hnn- 
son'a  residuum  sells  as  well  as  that  of  Uio  native  gnano ;  but  if  both 
can  be  reduced  to  the  some  cost,  aud  have  the  same  return  for 
residauni,  then  the  preference  will  be  for  that  producing  tlie  best 
effluent,  and  if  these  be  alike,  the  two  processes  will  be  of  equal 

"  Although  this  may  be  taken  as  tlio  position  with  us  to-day,  we 
are  in  hopes  that  further  inventions  and  discoveries  may  be  made, 
and  that  the  vexed  question  of  the  profitable  treatment  of  towns" 
sewage  may  in  the  course  of  time  receive  a  successful  solution." 

The  cost  of  the  working  of  the  ABC  process  at  Leeds  is  about 
15,000/.  per  annani,  including  chemicals  and  labour,  but  excluding 
interest  on  the  cost  of  the  works,  which  would  bring  the  sum  to 
upwards  of  18,000?. •  Tho  matter  precipitated  is  estimated  at  about 
20,000  tons  por  annum,  for  which  there  appears  to  bo  no  sale.  This 
is  not  promising ; — nevertheless  there  is  no  doubt  that,  in  the  treat- 
ment of  sewage  of  towns  on  the  seaboard  and  on  tidal  rivers,  and 
indeed  of  those  inland  tovms  tohere  landit  not  to  be  obtained  in  the 
reduced  quantity  required  for  intermittent  filtration — the  instances 
are,  however,  very  few  indeed — the  ABC  process  is  one  which  it 
may  be  well  to  adopt. 

At  Aylesbury  an  agreement  has  only  just  been  entered  into  be- 

>    Aalhfl  caKoILtcda  ai»;  bf  quoted  ■■  bd  ciuupla  or  >  la*n  wbeto  Itnl  otsaai  be  rvurlnl 
to  imd  where  eli«iatek1  IreatmeDt  miut  thpnToro  be  adopted,  1l  woold  buiUy  be  right 
to  iHve  the  nuUrr  wlihoil  nUing  Vae  ftiunUgn  of  uigliiHn  lo  the  loltowUv  IKU : 
1.  Thai  the  oorpunUofl  at  Lecda  hiTo  gpeni  beiween  M,OD0L  ud  (a^ODHf.  la  unki  ui<l 

i.  Thai  \bt  oatflow  ot  vnga  Iron)  Lwdi  rFacbeana  ■DaTengfladirwrnlior  lt|  mU- 
lluu  ol  Kdloni  dill;. 

S.  Thai  the  diUycoalar  choaiali  ud  Iibwr  la  ttap  tnannoil  tdoplAd  li  401.,  whii^b  U 
incnuBd  to  Wt-  b;  Ihn  ^nterniit  to  repay  (bo  ooat  of  tfa«  taaka  and  workn. 

gnmliue  aoo  uirca  of  lonil,  vblcb  xta  tiupniibiUr,  u  IMI.  an  acre,  and  (bli  woBld  hate 
been  irpald  la  JO  ]'Hfb  at  Mil.  ■  day, 

TbatSMtacrea  would  bare  tnornUiui'siDalleil  on?  ncre  for  FTery  1000  of  (be  populaUon. 

TbattbelitmilllaagnllonaorMKajs  niKbt  be  raised  od  to  land  .100  feel  higb  for  lU  • 


■f  Le«la  inlght  bayp  pmieeaed  01 
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tween  the  Native  Guano  Company  and  the  Hanitary  anthoritiea  of 
tliat  town,  whereby  the  company  will  imieronify  the  sanitary  antho- 
rity  against  all  risks  of  Chancery  proceedings  oa  receiving  a  snbaidy 
of  20W.  a  year,  togotlier  with  the  nse  of  tho  tauke  and  works  in- 
cident thereto,  which  cost  2,882/.  33.  (id,*  If  wo  add  to  the  Babsldy 
of  200/.  the  anDnal  charge  required  for  the  I'epayraent  of  the  coat  of 
these  tanks  and  works — which  we  will  take  to  amount  with  attendant 
eapenscfl  to  3,000/. — the  annual  coat  of  the  process  to  the  town  of 
Aylesbury  will  bo  about  380i.,  or  about  3id.  in  the  pound  on  the 
rateable  value.     (See  Table  in  Section  XCII.) 

But  however  satisfactory  this  result  may  bo  to  the  ratepayers  of 
Ayleshnry,  and  however  well  it  may  answer  the  purpose  of  the 
Native  Guano  Company  to-h.ave  ihnt  towu  as  a  show  place,  the  pro- 
cess can  never  take  the  position  of  the  beat  "  practicable"  treatment 
available  for  a  town  on  an  inland  river  »«/iplffing  drinking  iruter  to  a 
large  population.  In  this  inatanco  tho  effluent  finds  its  way  into 
the  Thame  and  by  tho  Thame  into  the  Thames,  from  which  a  great 
portion  of  tho  population  of  the  metropolis  is  supplied  with  drinking 
water.  The  fact  that  the  sanitary  authority  of  Aylesbuiy  has  been 
permitted  to  adopt  this  process  in  such  a  situation,  where  land  might 
have  been  acquired,  is  a  striking  illustration  of  the  doubts  and  in- 
decision atill  prevailing  on  a  qneation  which  ought  no  longer  to  be 
subject  to  either  the  one  or  the  other. 

(2.)  The  fhoaphate  of  Alumina  Proceis. — This  process,  which  ia 
now  being  carried  into  operation  by  the  Phospljate  Sewage  Com> 
pany,  was  patented  by  Messrs.  Forbes  and  Price.  It  is  thna  described 
by  the  company  :t 

*  Tlir  pnclK  Mmi)  of  ihe  tgtrttarax  mpplled  me,  Tnyklodly,  b?  Ur.  Orooku,  Iha  ohiUnum 
or  tlw  compuy.  u<  u  roDowa; 

'■1.  aHtHOr.-HM.  pet  uunimudiUI]<<<ijRW*utdluHibilth8loiniiraDldnalb*Te 
hid  to  puj  \l  wDrklnc  tbemtplT».  Agnanoiii  fur  wnea  or  roorteHi  T«n.  >nd  Iha  NtcCx 
aauo  Company  drpooti  lOOW.  ■■  uniDriiy  for  doe  tBlUmnil  ot  ItuOr  i«ncmGai,  iha  Inwrcn 

"  i.  Ai  la  Ihi  L'h  of  Ttmii  ainl  KngiKL  BaOtlitiiii  and  Uaef 
•rltb  IhecicapUon  nt  wlul  In  ■pscUl)'  requlrrd  tor  <b( 
baea  orlginiHy  d«*>gii»l  by  Kr  HawkHley  Tor  Ibe  Umc  proem,    Tlie  nuctdnary  aniipllad 
by  lbs  c'imfaaj  nmuilnB  ibdr  properl)'.    The  hotIu  and  mnclilnrni  us  (nil;  kdipud  fur  a 

'1  Oupo-tlqf  Solid  Pniduet.-TbeBOBipiuistipiKt  to  pniwxttoiBmi)  IB  MO  taia(d 
in  n»tlm  gwuia  ninuillj,  at  a  bmi  ooI  pjceadlne  Ma.  to  40h.  por  Ion,  nnd  he?e  do  dgoW  of 
belne  abla  Ui  dlapoae  ot  Oui  Hholn  at  tbe  prodoH!  il  ■(.  IDs.  par  (on. 

"*.  (TiiaraiilM  at  to  BttMrKt .-The  companj  guanutce  tliB  h,ho  Irtia  all  tnra™  dim- 
rally  aa  lo  itu  purity  of  ibclr  rSliHmi. 

■'».  Slantlaiil  of  pMrUr.-yiM)  be  HihlmbP  tequlmnma  or  the  BItmi  Pollalicm  Oom. 
mlaaloDEn.  A>  erno  tl  Ueda.  irilh  (b«  cbesp  irorklng  tbare,  Dr.  Lctbcby'l  aDaJjH  ptoT* 
tbs  Loeda  clBacal  lal«  mJl  wilhlu  iliauianilard  ineTcrr  panioular,  Iba  sompaa)' biTa  so 
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"  The  Plioaphate  Sowagc  Process  is  based  upon  the  use  of  epe- 
ciallj  prepared  pliosphatcs  of  alnmiua  aad  limo  with  sewage.  The 
action  of  tlio  prepared  phoBphates  upon  tha  sewage  may  be  familiarly 
deficrifacd  as  a  cnrdling  or  eoagulation  of  the  feecal  matter  in  tlie 
sewage,  giving  it  thereby  a  greater  tendency  to  separate  itself  from 
the  general  bulk  of  vrater  with  which  it  has  been  intermixed.  The 
next  step  is  the  use  of  lime,  and  this  draws  from  the  sewa^ire  the 
soluble  phosptiates  which  have  been  added  in  the  process,  forming 
therewith  n-hat  is  known  as  precipitated  phosphate.  The  formation 
of  this  precipitated  phosphate  not  only  has  the  effect  of  recovering 
from  the  sewage  water  the  soluble  phosphate  it  contained,  but  !t  also 
carries  down  with  it  the  curdled  or  coagalated  fiecal  matter.  The 
sewage  having  been  thus  prepared,  a  separation  of  the  soUd  matter 
is  readily  accomplished  by  means  of  'precipitating  tauka,'  con- 
Btmcted  so  as  not  to  interfere  with  that  quiet  condition  of  the 
water  which  is  necessary  for  the  deposit  of  a  light  and  flocculent 


precipitate. 

"By  these 
the  sewage  a 


isivo  steps  the  deodorisation  and  defecation  of 
raplished,  so  that,  whilst  a  flow  of  sewage  eaters 
at  one  end  of  the  works,  a  stream  of  clear,  bright  effluent  passes 
away  at  the  other,  leaving  in  the  precipitating  tanks  a  deposit  of 
the  solid  matter  which  has  been  separated  from  the  sewage.  This 
solid  matter  is  discharged  into  shallow  beds,  where  it  ia  allowed  to 
dry,  and  it  is  either  moulded  into  bricks  and  dried  in  the  air,  or 
simply  turned  over  and  the  drying  completed  without  further  trouble, 
Avhich  ia  undoubtedly  the  cheapest  course  of  procedure." 

This  statement  lairly  represents  the  operations  of  the  Phos- 
phate Sewage  Company,  and  the  work  done  at  Hertford  proves  that 
if  the  aim  of  the  company  were  simply  to  produce  such  an  effluent  as 
would  be  satisfactory  in  the  cases  of  seaboard  towns  and  towns  on 
short  tidal  rivers,  their  process  would  certainly  accomplish  that  object. 
The  effluent  has  been  reported  by  Dr.  Manning  to  be  "well  within 
the  standard  of  the  Thames  Conservators  " — that  standard  which  has 
been  applied  to  the  sewage  of  towns  on  the  Thames  which  are  behui 
the  intakes  of  the  water  companies,  and  where  the  river  water  is  not 
used  for  potable  purposes.  This  standard,  however,  docs  not  appear 
to  have  been  recognised  by  the  Thames  Conservatore  as  applicable  to 
towns  on  the  upper  part  of  the  Thames,  the  water  of  which  is  used 
for  drinking, — and  seeing  that  Hertford  is  situated  on  the  Lee  above 
the  intakes  of  the  water  companies  now  supplying  water  to  tho 
eastern  part  of  London,    it  is  incomprehensible   why  the  Conser- 
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vatui'S  of  tlio  Iico  are  content  to  leave  nuiliei'S  as  thoy  Brt-.*  Little 
objection,  Iiowovor,  can  be  t«ken  to  tlie  work  of  tho  Plioaphate  Sew- 
age Company  lit  HertforJ,  so  long  lis  certiiin  tributaries  of  tLe  Lee 
icceivB  tlio  efllaent  sewagu  from  towns  only  n,  feiv  inijea  above  aftoi' 
it  baa  been  (subjected  only  to  the  lime  process  of  precipitation,  which 
was  tried,  condemued,  and  abandoned  at  Hertford  itself. 

(3.)  The  Siiljiliate  o/'Alnmhia  Proce'e. —Thie  process  waa  invented 
by  Dr.  Anderson  of  Coventry,  and  will  be  beat  explained  in  bis  own 
words. 

"  The  agent  I  nscd  as  a  defecator  is  sulphate  of  alumina  together 
with  common  lime.  I  use  the  sulphate,  prepared  in  arongb  way  ona 
large  scale,  by  miijog  common  clay  with  sulphuric  aeid  in  the  pro- 
piirtioiis  by  weight  of  two  of  clay  to  one  of  acid.  After  the  clay 
and  acid  are  well  mixed  (tliis  can  be  readily  done  by  steam-worked 
i-oUers),  I  place  Ihe  niaBs  in  a  warm  place,  Buch  na  an  oven  or  brick 
furnace,  and  leave  it  exposed  to  a  gentle  heat  until  the  acid  has  com- 
bined with  the  alumina,  of  clay,  which  combination  will  have  taken 
place  by  the  time  the  mass  has  become  jierfeoUy  dry  and  of  a  greyish 
hue.  In  order  to  use  this  defecator  I  allow  the  sewage  to  flow  into 
a  large  tank  and  add  the  defecator  in  the  proportion  of  one  pound  of 
the  preparation  to  every  one  hundred  gallons  of  sewage,  or  about  fonr 
tons  to  tho  million  gallons.  Probably  when  working  on  a  larger  scale 
such  as  a  million  gallons,  a  smaller  proportionate  quantity  of  the 
defecator  can  bo  used,  without  in  any  way  spoiling  the  result,  as  I 
have  fonnd  it  easier  to  obtain  a  good  defecating  action  on  a  largo 


Y  Scb  and  IDIb.  1B7«.    See  Journal  or  tho  S«:lety. 

xt  tfium  wu  adopted  (rlib  ih>  efflnnu  iTier  U  Ml  Bertl-itH 

ir  DUI  nkm  10  rmovs  a  Kiwd  deal  of  lbs  Mnuu  trma  ihg 

II,  alter  luring  Iho  worka,  did  nol  andrrgo  any  imniwit 
Di-boords  pat  Aowa  to  talu  oD  thai  low  oonruruld  gmwth 
Drt,  and  to  prevrait  it  OowlHe  Into  tt»  La&  Et«I7  iDDTDlDg  • 
d  whflrcTer  he  foond  lUa  floccoleat  matter  he  ikbiimed  it  off 


O  polDt    . 


"  Ur.  Qrindle  nald  abool  1,M>0  rarda. 

"  Mr.  Cook  uld  70D  Dtnld  He  the  effeola  of  dai 

»  HertTord  iMwaci:-    The  waler  bu  aat  III  Tor  i 
r  tona  DrdepiHltiikkaiioDior  thadlwb. 
"  General  Bcott  aaked  iT  the  Doarervuld  growth  Bpokm  of  iraiof 

"Ur,  OrlDdlesald  it  vnn  called  ji^itk^  fuugna  by  eome  penocu ;  bi 
isferrold  groia-lli.  and  lis  adopted  the  Dame  on  hla  antborilj'," 
Thl)  In  an  acmablc  Mate  or  Ibhlpi  tor  tbc  eoDtrmplallon  of  Ih 
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sciile  than  when  ncting  on  a  small  qnantity,  bet  have  had  no  oppor- 
tanit.y  3-iit  of  tiding  my  plan  on  any  finch  qnantity  aa  a  million 
gallons.  After  agitation  all  the  snljihate  of  tilamina  contained  in 
the  prepared  clay  is  diasolred  out,  and  if  tho  sewage  is  alkaline,  as 
eewage  geoeraJIy  is,  a  small  proportion  of  alumina  is  precipitated 
and  slightly  defecates  the  sewage.  In  order  more  fully  to  develop 
the  action  of  my  agent,  I  then  add  common  limo  wall  mixed  with 
water,  in  the  proportion  of  one  ponud  of  hme  to  every  fonr  ponada  of 
the  sulphate  of  alumina,  and  agitate  the  whole  bulk  of  liquid  so  aa 
to  distrilinto  the  action  of  tho  defecator  evenly.  On  the  addition 
of  the  lime  a  chemical  combination  takes  place  between  the  lime  and 
the  Bnlphnric  acid  of  the  snljihate  of  aluminn,  and  the  alumina  is  set 
free  as  a  floccuScnt  precipitate.  This  eettlea  to  the  bottom,  aud  in 
the  act  of  precipitation  ndhci'es  to  and  carries  down  with  it  the  ini- 
pnritioa  contained  in  the  sewage,  leaving  a  clear,  briglit,  superna- 
tant liquid,  which  requireii  no  further  treatment  or  filtration  after 
settling." 

Dr.  Anderson's  patent  Las  passed  into  the  bands  of  a  company 
called  the  Geneml  Sewage  and  Manure  Company,  of  which  Mr. 
Mellis  is  tho  engineer.  The  company  have  works  at  Coventry  and 
Nuneaton,  and  Mr.  Mellis  describes  the  arrangements  adopted  at  the 
former  place  in  the  following  terms  ;* 

"The  sewage  is  subjected  to  fonr  processes,  viz. — 1.  Strained; 
3.  Chemically  treated  and  precipitated  ;  3,  Effluent  wat^r  filtered ; 
i.  Precipitate  or  sludge  dried  and  disposed  of. 

"  The  straining  is  effected  by  means  of  mechanical  strainere, 
known  aa  '  Latham's  Solid  Sewage  Extractors.'  Tho  solids  thus 
removed  form  a  rich  manure,  which,  at  the  present  time,  is  used  in 
the  orchard  adjacent  to  the  buildings  of  the  works.  The  strained 
EOWDge  thas  free  from  all  its  grosser  contents,  and,  therefore,  in  a 
better  condition  for  chemical  ti'eatment,  next  passes  through  a  block 
of  buildings,  where  it  receives  continaously  an  addition  of  a  solution 
of  sulphate  of  alumina,  manufactured  aud  prepared  in  a  cheap  way 
at  tho  works,  which  contain  all  tho  necessary  appliances  for  this 
pnrpose.  The  sewage  next  receives  a  small  addition  of  milk  of 
lime,  and,  after  the  addition  of  each  chemical,  the  whole  mixtoro  is 
thoronghly  agifated.  The  mixture  then  passes  on  to  the  precipitate 
ing  tanks,  of  which  there  are  fonr,  three  being  in  aso  at  tho  same 
time,  while  a  fourth  is  being  cleaned  out  dailv.  Precipitation  takes 
place  in  these  tanks,  while  the  effluent  water  flows  in  a  thin  sheet 
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Arom  the  surface,  first,  over  weirs  extending  quite  acroBs  the  tanks, 
and  secondly,  over  weirs  which  extend  half  way  across  each  tank. 
An  arrangement  of  slnioea  and  valves  eiiats  at  the  end  of  each 
tank  for  drawing  off  the  water  Irom  the  precipitate  or  sludge  when 
a  tank  has  to  be  emptied, 

"  The  effluent  water  is  conveyed  from  the  tanks  by  a  culvert  and 
open  carriers  to  filtering  beds,  of  which  there  are  three,  each  three 
acres  in  extent ;  the  water  then  percolates  through  a  depth  of  five 
feet  of  earth,  and  is  afterwards  discharged  through  three  15-inoh 
mains  into  the  river.  Tliia  water  is  clear,  bright,  and  of  a  good 
standard  of  purity,  and,  according  to  analysis  by  Dr.  Voelcker,  con- 
tains in  each  imperial  gallon,  4i5'22  groins  of  solid  matter,  and  ouly 
'630  of  a  grain  of  free  (saline)  EUnmonia,  and  '042  of  a  grain  of 
organic  (albuminoid)  ammonia. 

"  The  filter  beds  are  used  intermittently,  and  are  cropped  with 
osiera  and  rye-grass.  The  latter  ia  pleasing  to  the  eye,  and  aaaJBtfl  in 
keeping  the  beds  in  good  condition, 

"  The  sludge  or  deposit  found  on  the  bottoms  of  the  precipitating 
tanks,  after  the  water  is  drained  off,  contains  about  85  per  cent,  of 
muisture,  and  amounts  during  24  hours  to  about  25  tons.  It  is 
one  of  the  chief  characteristics  of  this  process,  that  scarcely  any 
solid  matter  is  permitted  to  enter  with  the  chemicals.  The  sludge, 
therefore,  is  almost  entirely  derived  from  the  sewage,  and  ia  thus 
reduced  to  a  minimum  balk.  This  fact  renders  it  much  less  difficult, 
and  less  costly  to  dispose  of  than  the  largo  qnantitiea  of  sludge 
which  result  from  the  lime  and  other  precipitation  processes,  which 
require  large  r|nantitie3  of  chemicala  with  their  solid  portions  to 
enter  the  sewage. 

"The  sludge  is  swept  from  the  bottoms  of  the  precipitating  tanks 
into  underground  chambers,  placed  below  their  level,  in  which  simple 
arrangements  exist  for  drawing  off  supernatant  water ;  it  is  then 
elevated  by  ordinary  chain  and  bucket  elevators,  and  passed  through 
Milburn's  continnoas  sludge-filters,  which,  without  the  application 
of  beat,  remove  about  20  per  cent,  of  moisture,  and  reduce  its  bulk 
to  about  10  tons  per  day.  The  sludge  in  this  somewhat  stiff  con- 
dition, containing  about  C5  per  cent,  of  moisture,  is  next  sobjooted 
lo  a  comparatively  small  amount  of  heat  in  Milburn's  slndge-drjing 
machines,  which  remove  a  further  5  per  coat,  of  moisture.  It  ia  a 
remarkable  fact  that  this  sludge  thus  treated,  and  having  been  once 
subjected  to  heat,  continues  afterwards,  when  placed  in  heaps,  to 
part  with  its  moisture  nntil  it  retains  only  9  or  10  per  cent. 

"  By  these  means  the  daily  precipitate  at  Coventry  ia  converted  into 


"  The  whole  of  the  slndge  is  not,  however,  reduced  to  a  dry  condi- 
tion iii  the  manner  just  described.  Some  portion  of  it  is,  after 
ing  the  DOD-heating  contiunona  filter,  fortified  aad  dried  by  tha 
nddition  of  chemicala  and  fertilising  agents,  thus  prodacing  a  good, 
e  which  is  brought  up  to  an  average  valac  of  5'.  or  61.  per  ton, 
ii]d  competes  well  with  the  best  artificial  mannrea  prodnced  in  this 
mtry,  A  considerable  quantity  of  the  aludge  is  also,  in  tho  stiff 
and  scmi-diy  state  in  which  it  comes  from  the  non-heating  contiua- 
ous  Slter,  bought  and  carted  away  by  the  landowners  in  the  neigb- 
bourhood." 

The  Sulphate  of  Alumina  Process,  however,  is  not  a  self-support- 
ing process,  the  expense  attending  the  separation  of  the  sludge  and 
its  conversion  into  a  portable  manure  being  much  greater  than  tho 
actual  value  of  the  manure  itself. 

The  Paris  sewage  was  subjected  to  treatment  by  sulphate  of  alu- 
mina, and  the  proceaa  after  trial  waa  abandoned. 

(■4.)  IVhilthread' » Proceis. — This  process  appears  to  have  come  to  » 
standstill,  but  as  it  has  been  spoken  well  of  by  some  able  anthoritiea, 
I  think  it  well  to  describe  it  in  the  words  of  the  inventor.* 

"  Dicalcic  phosphate  dissolved  in  an  aqueous  solution  of  mono- 
calcic  phosphate  ia  added  to  the  sewage  aa  it  flows  from  the  sewerB ; 
when  the  whole  is  well  mixed,  milk  of  lime  is  added  in  sufficient 
quantify  to  precipitate  all  the  phosphatea,  while  an  excess  of  lime  is 
carefully  guarded  against.  Tho  quantity  of  phosphates  to  bo  added 
depends  on  the  quantity  of  nitrogenous  organic  matter  in  solution  in 
the  sewage. 

"  Dioalcio  phosphate  has  the  power,  when  used  as  above  described, 
to  carry  down  with  it  organic  matter,  and  especially  nitrogenona 
organic  matter ;  thus  it  removes  those  Iiodies  most  prone  to  deoom- 
poaition,  which  are,  at  the  same  time,  the  moat  valuable  mannrial  in- 
gredients in  the  sewage.  Tho  resulting  deposit  consists  of  a  nitro- 
genous calcic  phosphate.  The  working  of  the  process  ia  simple  in 
the  extreme,  and  requires  no  special  knowledge ;  it  can  be  regulated 
by  rule  o!  thumb.  The  tanks  and  mixing  apparatus  used  are  similar 
to  those  employed  in  other  precipitation  processes,  only  as  the  preci- 
pitation IS  very  rapid,  tank  room  may  be  economised. 
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"The  precipitate  is  of  a  most  valiuble  natnre.  The  agent  nsed, 
in  itself  a  Talaable  manure,  is  always  entire!  j  recovered  in  the  mad  ; 
the  phoBpboric  acid  eiiBting  In  the  sewage  is  likewise  eecnred,  and 
as  the  dicalcic  phosphate  cfGcacionsIy  precipitates  the  putrescible 
organic  matters,  the  quantity  of  nitrogen  existing  in  the  precipitate 
is  very  large.  The  manure  contains  no  water  of  chemical  combi- 
natioD  ;  it  is  thrown  down  in  a  floccnlent  state,  being  perfectly  in- 
odorous, and  can  be  easily  dried.  Numerous  experiments  have  been 
made  in  this  direction  and  the  drying  difficulty  has  been  solved  in 
variooB  ways," 

The  process  was  tested  by  the  Sewage  Committee  of  the  British 
Association  by  an  experiment  made  on  100  gallons  of  sewage  taken 
from  the  Romford  sewer  before  it  joined  tho  tanks  on  Breton's  Farm, 
one  pound  of  the  dicalcic  and  mono-calcic  phosphate  being  stirred 
np  in  a  little  water,  and  added  aflcr  the  addition  of  a  little  milk 
of  lime.  The  precipitation  was  very  rapid,  and  the  Committee 
stated  that  the  aapematant  water  remained  very  nearly  clear  and 
quite  inoffenfiire. 

The  Committee  give  the  following  Table  in  their  report  showing 
the  result  of  the  analyses  of  the  raw  sewage,  the  supernatant  water, 
and  the  precipitate : 
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Tbo  Committee  add  :  "  We  have  said  that  the  anspended  matters 
ven  in  very  small  amount  in  the  sapematant  wat«r ;  this  is  eri- 
dentlj  merelj  a  question  of  time  allowed  for  settling.  It  will  be  seen 
that  the  amount  of  ammonia  in  solntian  is  Komewhat  greater  in-  th* 
cfflnetit  water  than  in  the  sewage,  doubtless  from  the  decormposition 
of  si>mQ  of  the  eolnhle  organic  matter  iti  solution  ;  hat  ihc  most 
remarkable  thing  is  that  the  orgautc  matter  in  solution  was  almost 
entirely  remored  in  tlits  experiment,  so  that  while  the  sewage  ooa- 
laiued  0*90  part  of  organic  nitrogen  in  solution  in  100,000  parts,  the 
snpeniatant  water  only  contained  0'Q2  part.  It  mast,  however,  bs 
distinctly  anderstood  that  this  is  only  a  prehminary  experiment, 
from  which  general  conclusions  must  not  bo  too  hastily  drawn.  The 
Bnpernntant  water  contained  a  considerable  quantity  of  phosphoric 
acid,  vis.,  5-53  parts  in  100,000. 

*'  The  analysis  of  tbo  precipitate  shows  it  to  contain  u  large  pro- 
portion of  phosphate  of  lime  ;  and  its  value  is  mnch  enhanced  by  tlie 
three  per  cent,  of  ammonia  which  it  also  contains. 

"  The  presence  of  phosphoric  acid  in  the  supernatant  water  'wonld 
be  of  considerable  advantage  if  this  were  afterwRrds  nsed  for  irri- 
gation, but,  nnle.is  means  are  devised  for  separating  it,  n'oold  cod- 
Btitate  a  serious  loss  if  the  water  were  thrown  away. 

"  On  the  whole,  then,  this  preliminary  experiment  shows  that  the 
process  in  qnestion  well  deserves  further  and  careful  investigation.  " 

Mr.  WbitthreaJ,  in  a  letter,  reminds  me  that  bis  "  process  for 
treating  sewage  was  to  remove  the  greater  portion  of  the  organio 
imporitieH  from  the  sewage  by  adding  dicalcic  phosphate,  and  thon 
to  completely  oxidise  any  organic  matter  which  might  remain  by 
filtration."  My  own  examination  of  this  process  enables  me  to 
speak  favourably  of  it  where  clorihcation  only  is  the  object  aimed 
at.     It  was  tried  at  Luton,  bnt  was  not  however  approved. 

(5.)  Mettri.  Weave  and  Co.'*  Process. — By  this  process  the  clari- 
fication of  the  sewage  is  cfi'ecteii,  tirtit,  by  simple  hitiation  thronglt 
coane  ashes  and  charcoal,  performed  in  a  tank  called  the  tta^ 
tank,  next,  by  filtration  through  a  series  of  wooden  screens  con- 
taining certain  thicknesses  of  rough  charcoal,  and,  lastly,  bj 
special  filtration  through  "  deodorisers"  formed  of  rongh  and  fino 
charcoal.  This  method  baa  been  tried  at  the  Union  workhonso  at 
Stoke -upon- Trent  (I  do  not  know  of  nny  other  trial),  and  was  tlte 
subject  of  examination  by  tbo  Sewage  Committee  of  the  firitjsh 
Association,  in    1871.     The    result   of  their  investigation    is  thus 

"  The  process  of  purification  of  the  sewage  is  protected  by  a  patent. 
It  consists,  in  the  first  instance,  of  simple  filtration  through  coarse 
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aslica  and  cliarcoal,  performed  ia  a  largo  tank  called  the  feecal  tank, 
wliich  ia  divided  into  two  compartments,  bo  that  one  may  bo  at  work 
while  the  other  is  being  elearad.  These  .compartments  are  again 
sabdirided  iuto  two  chambers,  uno  largo  and  one  small.  The  raw 
sewage  ia  brought  to  n.  small  receiver  and  fi-om  it  turned,  by  means 
of  eluioes,  into  either  compartment.  The  samples  of  sewage  taken 
by  the  Committee's  inspector  wei-e  obtained  fr'om  this  receiver ;  tho 
flow  was  ascertained  to  be  abont  ij,OOQ  gallons  in  the  twenty-four 
hoars,  beiag  much  beloiv  the  capacity  of  the  filters,  which  wei^o 
cotistrneted  for  20,000  gallons  pur  day.  From  the  largo  chambers 
of  the  fEBcal  tank  the  sewage  ia  passed  throngh  wooden  sereens, 
containing  2  feet  of  charcoal,  into  tbo  small  chambiirG,  which  con- 
tain about  5  feet  6  inches  of  rough  oliarcoa!,  through  which  thu 
sewage  passes  to  a  smaller  tank  or  well,  thus  completing  the  first 
stage  of  fiUratioii.  The  saspended  matters  arc  partly  arrested  by 
the  wooden  and  chai-coal  screens  between  tho  large  and  small  cham- 
bers, and  a  further  deposit  takes  place  in  tho  small  chamber,  whiob 
is  cleared  ouce  iu  six  mouths ;  but  at  the  time  of  the  Committee's 
inspection  it  had  not  been  cleared  for  nine  months,  uwing  to  the 
constant  visits  of  persons  anxious  to  inspect  the  process.  Samples 
of  the  sewage  at  this  stage  of  tho  process  were  duly  taken.  From 
the  tank  or  well  before  described,  the  sewage  (after  again  passing 
through  a  perforated  screen  contaiuing  IS  inches  of  rough  charcoal) 
is  conveyed  by  a  12-iuch  pipe  to  the  'deodorisers,'  which  are,  iu 
this  case,  at  some  distance  &-oni  tho  ftecal  tank, 

"  The  '  deodorisers '  are  three  in  number — the  first  and  largest 
having  a  surface  area  of  nearly  200  square  feet,  and  containing 
■J  feet  6  inches  depth  of  rough  charcoal;  the  second,  with  an  area  of 
about  70  square  feet,  contaiuB  2  feet  C  inches  of  charcoal  of  smaller 
size  ;  the  last  is  a  small  bos  containing  4  feet  of  fine  charcoal,  which 
is  in  this  instance  supplemented  by  layers  of  flannel  and  filtcr-clotb. 
It  was  slated,  however,  that  cloth  is  not  a  necessary  addition  if  tho 
tanks  are  specially  constructed,  in  which  case  the  lust  deodoriser  is 
arranged  for  upward  filtration.  This  completes  the  process,  the 
efflncnt  water  being  discharged  into  a  small  well,  fi'Om  which  the 
samples  were  takeu  for  analysis. 

"  The  charcoal  used  at  the  time  of  the  Committee's  inspection  was 
wood- charcoal ;  but  it  was  stated  that  it  was  proposed  to  use  peat- 
charcual.  The  practice  is  to  remove  the  'spent'  charcoal  from  tba 
lost  deodoriser  to  tho  second  one,  from  the  second  to  the  first,  and 
from  the  first  deodoriser  to  tho  fwcat  tank.  Samples  were  taken  of 
charcoal  from  each  deodoriser  after  various  jierioda  of  service,  and 
analyses  of  them  and  of  nuused  charcoal  are  appended. 
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"  The  flow  of  effluent  water  for  tbe  pei'iod  of  twentj-foni-  Iionrs, 
dnring  whicli  continuotis  gaugings  were  taken,  nmonnted  to  about 
■^000  gallons  only,  ax  against  .'■OOO  gallons  of  sewage  received  inio 
iho  fiBcal  tank  during  tlie  same  period.  The  depoeit  removed  from 
the  tanks,  with  the  refuse  of  the  establishment,  is  utilised  upon  the 
farm  belonging  to  the  Union,  which  is  cnltivoted  entirely  by  the 
inmatsH." 

The  Committee  give  the  following  rcgnlts  of  the  analyses  of  tlic 
different  samples  of  sewage,  effluent  water,  and  charcoal  which  were 
taken  daring  the  month  of  September,  1871.  Thesamplee  of  sewage 
aud  effioent  water  were  taken  every  two  hoars  during  the  da]',  in 
the  proportion  of  oue-thoasandtli  of  the  flow  per  minute. 
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With  regard  to  tlie  analjees,  the  Committee  observe,  "in  the 
fii'st  place,  tliat  tlio  sewage  treated  was  excessively  strong,  contain- 
ing no  less  limn  38'45  parts  ofnitrDgen  (in  solution  and  anspenBioa) 
in  100,000  parts  of  sewi^e  ;  this  is  ficconnted  for  by  the  very  scanty 
water  supply,  from  which  it  results  that  the  araonnt  of  sewage  is 
only  6J gallons  per  head  in  the  twenty-fonr  hours. 

"  The  general  resnlt  of  tho  process  is  that  the  suapended  matters 
are  ■■emoved  and  tlie  ammonia  nnd  organic  nitrogen  much  redacod 
in  quantity ;  no  oxidation  takes  place,  as  no  nitrates  were  found  in 
the  effluent  water,  which  was  tn  all  inlents  and  purposes  a  dilute 
sewage  and  '  had  a  strong  smoU  of  BOwagc' 

"It  is  remarkable  that  the  chlorine  is  reduced  to  jnst  about  half  its 
original  amount;  and  it  is  still  more  remarkable  that  this  shonld 
take  place  almost  entirely  in  the  first  or  foscal  tank:  this  reduction 
wonld  seem  to  imply  that  a  very  considerable  dilution  must  in  some 
way  take  place ;  and  notwithstanding  this  we  find  that  there  were 
only  2000  gallons  of  effluent  water  to  SOijO  gallons  of  sewage  in  the 
twenty-four  hours,  indicating  an  unexplained  escape  of  jths  of  the 
total  amount,  even  supposing  that  there  was  no  dilution. 

"  The  amount  of  water  absorbed  by  tho  charcoal,  although,  as  Indi- 
cated by  the  analyaes,  considerable,  does  not  of  course  in  any  appr&. 
ciable  degree  account  for  such  a  loss," 

(6.)  Hille't  Procett. — Captain  L.  Flower,  tho  saoitaiy  engineer 
of  the  Leo  Conservancy  Board,  attaches  great  importance  to  this 
process-  He  says  of  it,  "tliat  it  will  be  difficult  to  find  a  more 
efficient,  harmless,  and  economical  manner  of  treating  sewage." 

By  this  process,  the  inventor  says,  "  sewage  may  be  successfully 
defecated  and  deodorised  by  the  aid  of  lime,  tar,  salts  of  magaesium 
or  other  chemicals,  and  the  products  arising  from  iho  calcination  of 
lime.  The  effluent  watt'r  is  afterwards  filtered,  either  by  preference 
throngh  artilicial  filters  or  throngii  land,  or  it  may  be  used  for  irri- 
gation purposes  :  the  results  thus  obtained  faavo  been  found  to  reach 
the  standard  of  purity  required  by  tlio  Thames  Conservancy," 
and  abo,  we  are  told,  that  recommended  by  the  Rivera  Pollnlion 
Commiasion.  The  inventor  further  says  that  "  The  disitifectiug 
compound  —  which  does  not  contain  any  poisonous  or  injurious 
constitnentfi— ia  applied  to  ordinary  town  sewage  in  the  proportion 
of  about  1  in  2,000.  It  may  Ixs  added  to  the  sewage  at  any 
convenient  point  before  the  sewage  reaches  tho  deposit  laiiks, 
or,  as  it  flows  into  the  works.  The  thorough  amalgamation  of 
the  chemical  compound  and  the  sewage  is  effected  through  agi- 
tation by  mechanical  means,  after  which  the  whole  is  allowed  to 
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accumulate  in  the  deposit  tanks,  whcro  nearly  tTie  wbolo  of  the 
suspended  matters  are  deposited,  together  with  n  considerable 
quantity  of  the  various  matters  held  in  solution.  Any  deposit 
tank  muy  bo  used  iu  connection  with  my  system.  lu  tanks  oon- 
fitrncted  afttr  my  design — after  the  seivage  has  been  chemically 
tt'eattid,  tlio  Bupematant  liquid  is  draws  off*  by  means  of  a 
Quating  outlet  through  a  regulating  vatve;  this  outlet  is  formed 
of  strong  galvanisL>d  wire,  the  interior  of  the  cage  being  filled  with 
mixed  charcoal.  From  the  deposit  tanks  the  purified  sewage  passes 
on,  if  not  used  for  irrigation  pnrpogcs,  to  the  artiGcial  filtering  beds, 
wbicli  are  eo  designed  that  the  filtering  materials  have  timo  for 
thorough  and  complete  aeration.  Where  possible,  carbouio  acid 
gas  is  forced  into  the  filtered  effluent  water :  this  gas  is  a  waste 
product  of  llie  lime,  which  may  be  burned  on  tbe  premises. 
The  outlet  cbamber  is  provided  with  a  second  floating  outlet 
with  a  governor  regulating  valve.  The  worka  and  everything  con- 
nected tberowith  are  in  duplicate  and  may  be  used  alternately,  or, 
if  required,  simnltaneously.  The  sewage  rosiduo  is  removed  doily 
from  the  tanks,  so  aa  to  have  daily  fresh  sewage  to  treat,  and  to  avoid 
accnmulation  of  the  sludge.  The  sludge  is  removed  iuto  the  drying 
sheds,  simply  air-dried,  and  in  that  state  cooBtitutes  a  good  mannro. 
"  The  total  cost  of  working  this  proeoss,  exclusive  of  the  raluo 
of  the  manure  produced,  varies  from  3d,  to  about  Is.  per  head  of  tho 
population  per  annum,  according  to  local  circum stances.  Tlic  value 
of  the  precipitated  sewage  residue  will  vary  in  different  districts, 
but  it  is  calculated  to  be  worth,  on  tbe  average,  2Ga.  per  tun  in  its 
raw  state.  It  forms  a  good  manure  which,  when  mixed  with  the 
charcoal  from  the  filtering  beds,  has  the  value  as  per  analyses,  &om 
31,  to  il.  per  ton," 

.J 

There  are  several  other  processes  wldch  have  for  their  object  tt^H 
conversion  of  the  solid  parts  of  sewage  into  dry  manures  by  illQ^ 
agency  of  chemicals,  amongst  which  may  be  mentioned  the  methods 
known  as  Bii'd's  system  and  Uoldcn'a  prijcess,  in  which  sulphate 
of  iron,  lime,  and  coiil-dust  ore  used.  Of  these  I  have  heard  but 
little  for  some  time,  and  most  refer  thusc  interested  to  the  inventors 
themselves  for  details. 

There  is  Hanson's  process  also,  which  has  been  on  trial  for  a 
short  time  at  Leeds,  in  competition  with  the  ABC  process,  and  of 
which  Mr.  Tatham  gave  the  following  Hcconnt  at  tbe  conference  on 
ilie  Health  and  Sewage  of  Towns  in  May  last. 

"  Hanson's  process  as  first  used  was  not  euccoBsful  in  discbtn^ing 
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tho  coloni-  wten  the  sewage  was  impregnated  with  dye-water,  but 
by  subsequent  eiperitaents,  and  nsing  a  freab  ingredient,  which  he 
calls  haematite,  he  finds  he  can  purify  the  sewage  at  a  cost,  for  about 
•22  tons  of  ingredients  per  day,  of  14a.  6d.  per  hour  for  tho  total 
daily  flow  of  12  to  14  million  gallons,  being  about  29s.  per  million 
gallons,  which  amounts  to  17/,  Ss.  per  day,  or  6,200/.  a  year,  the 
ABC  being  about  24  tons,  18a.  3Jd.  per  hour,  or  22/.  Is,  per 
day,  equal  to  8,048Z.  a  year.  Against  tho  advantago  of  Hauson's 
reduced  cost,  there  is  no  off-set  for  valao  of  residuum — no  price  for 
it  baving  yet  been  established — the  inventor  claims  that  it  is  of  equal 
or  great«r  value  than  the  native  gnano." 

The  precipitating  material  used  by  Mr.  Hanson,  if  I  rightly  under- 
stand it,  is  slaked  lime  iind  black  ash  refnse-~or  the  soda  and  tank 
waste  from  the  alkali  works — mixed  with  sulphuric  acid.  For  ordi- 
nary sewage  the  quantity  of  precipitating  material  employed  is  about 
one  ton  of  staked  lime,  used  in  the  form  of  a  creamy  paste,  and  half 
a  ton  of  black  ash  refuse  for  each  million  gallons  of  sewage,  together 
costing  about  18s.  Wliere  tan  liquor  is  mixed  with  tho  sewage, 
he  uses  a  farther  quantity  of  black  ash  refuse  mixture,  which  in- 
creases the  cost  about  lis.,  making  the  outlay  about  298.  per  million 
gallons.  Mr.  Hanson's  explanation  of  the  action  of  the  materials  he 
employs  is  that  the  black  asb  refuse  throws  down  the  carbonate  of 
lime  as  well  aa  the  nitrogenous  and  other  impurities  left  in  tho  liqnid 
after  the  lime  has  been  added. 

No  description  of  chemical  processes  would  be  perfect  without 
some  reference  to  tho  lime  method  of  precipitation,  which  was  tried 
many  years  back  at  Leicester  and  Tottenham  and  discontinued, 
thongh  it  has  since  been  adopted,  and  has  still,  I  believe,  a  lingering 
existence  at  Birmingham  and  elsewhere.  It  has  also  been  in  use 
at  Hitchin  for  many  years,  but  is  now  being  discontinued  in  favour 
of  int«rmitttent  downward  filtration.  Tho  modus  operandi  is  very 
simple^  but  as  Mr.  Bm-kc  saya  of  it,  "  the  treatment  entirely  &ils 
to  get  rid  of  the  organic  nitcogenons  matter  of  the  sewage,  and> 
consequently,  to  render  the  liquid  sewage  admissible  into  a  river."* 
The  Sewage  of  Towns  Commission  gave  the  following  Table  in  their 
second  Report  (1861),  showing  the  rwuits  of  an  examination  of  tho 
process  by  Professor  Way.  The  figures  given  represent  tlie  con- 
stituents in  grains  per  gallon. 


Ik  on  Sa«*ce  Umiullon."  by  W 
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PfeeipiUl*. 

^^H                                   Oifinic  matter : 

39-10 

10-13 
142 
<-01 
3'G6 

26-40 
6-3-1 

a-ss 

901 

6-ao 

19-85 
9-28 
094 
2.26 
B'BO 

24-18 

r,-9ii 

0-45 
0-23 

14M^H 

\    -»| 

3  06    ^ 
802 

^^^^B                                                 Pboapboric  aoid 

^^B                                             SiKca,  MiKi,  oxiJe  ol  iron,  ie.... 

1S7-30 

71-9B 

G9-30 

^^B                                               AmmoDU  

-■48 

in  JWlDtidD 

I-so 

in  Mlnlion 
only. 

1 

^^H                                 TTpoD  these  figures  Profbiaar  Way  remarkB:                                        IH 
^^H                                      "  Ist.  That  DO  orgnnic  matter  is  precipitated  except  that  whicfc 
^^V                                 was  present  in  the  sewage  in  the  insoluble  form  and  whteh  would 
^^H                                 oqnaUy  have  been  separated  by  mechanical  filtration. 

^^H                                  the  same  insoluble  ergauii.-  natter,  and  that  none  of  the  ammonia 
^^1                                  of  the  liquid  is  saved  by  this  process. 

^H                                      "  3rd.  That  the  potash  being  soluble  ia  in  the  same  way  entirely 
^^M                                  carried-awny  by  the  liquid.                                                                       ^| 
^H                                      "4th.  That  five-sixths  of  the  phosphoric  acid  are  precipitated.      H 
^^P                                      "  With  the  exception  of  the  latter,  therefore,  no  element  of  agrien^fl 
HF                                   lural  value  is  preserved  by  the  lime  process." 

n^                                        (7.)    The   Burning  of   the    CombuttibU   FarU    of  Sludge  in    the 
H                                     Manufacture  of  Cement  and  Limes.— \  plan  differing  from  all  the 
1                                        foregoing  processes  has  been  matured  and  patented  by  General  Scott. 
Mr.  Redgrave,  the  secrelary  of  "  Scott's  Sewage  Company,"  thus 
shortly  deseribea  it.  "  This  process  is  a  modification  of  the  well-known 
lime  process.     It  has  been  long  known  that  lime  carefully  slaked 
and  added  to  sewage  water  produces  a  copious  precipilatiun,  con- 
sisting miiinly  of  carbonate  of  lime  with  small  quantities  of  phosphate 
and  silicate  of  lime,  Clay  is  also  a  valuable  agent  in  clarifying  sewage 
water.    GchlthI  Scott  adds  a  sufficient  quantity  of  slaked  hme  to 
Q                                     produce  a  complete  precipitation  of  the  acids  present  in  ihe  sewage, 
ff                                     and  enough   clay  lo  form,  with  the  silica  and   alumina  already 
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prcBCDt  in  tho  aewor  water,  nboiit  2U  pei*  cent,  of  the  bnlk  of  the 
cnlcined  sewage  sladge.  Tbia  precipitate  wbcu  it  bus  coiupletol; 
subsided  is  removed  from  the  tanks  and  dried.  When  thoroughly 
dry  the  elndge  te  introdaced  into  kilns  with  a  small  quantity  of  fael 
to  commence  tho  combustion.  It  ia  calcined  by  means  of  its  own 
organic  matter,  and  the  clinker  after  such  calcination  is  witbdra^vn 
from  the  kilns  and  ground  under  edge  runners  and  between  Prencb- 
biUT  stones  to  a  fine  powder.  One  million  gallons  of  average  (own 
sewage  ti-eatcd  with  1  ton  h  cwt.  of  slaked  lime  yield  4  tons  of  dry 
slndge,  and,  wban  bnrnt,  2  tons  of  Porttanil  cement." 

(8.)  Iiienur'e  Sijslem. — Few  inventions  of  modem  days  liave  ex- 
hibited greater  ingenuity  or  presented  details  more  ivortby  the  atndy 
of  engineers  than  the  Liernnr  system  as  cairioJ  out  at  Dordrecht, 
Amsterdam,  and  other  towns  in  Holland,  at  Pragae,  Briinn,  and 
OLmutz,  in  BoLemia,  and  at  St-  Petcrsbnrg,  bnt  np  to  this  time 
no  example  of  its  applicability  has  been  established  in  this 
country.  Such  are  the  social  babits  of  the  people,  and  such  the 
progress  already  effected  in  sanitary  science,  that  it  would  be  taking 
too  sanguine  a  view  to  suppose  that  the  Liernnr  system  will  ever 
gain  any  wide  application  here. 

Captain  Liernar  proposes  to  deal  with  each  class  of  impurity  in 
the  following  manner.  The  town  is  divided  into  districts  consisting 
of  from  200  to  1000  houses  aecording  to  local  circumstances,  each  dis-. 
triot  centering  in  an  air-tight  iron  tank  about  three  feet  nnderground. 
This  tank  is  connected  with  the  closets  of  the  houses  by  air-tight 
pipes.  In  a  convenient  part  of  the  town  is  placed  a  central  station 
with  air-tight  reservoirs,  and  engines.  This  station  commnnicatea 
with  each  district  tank  by  a  separate  system  of  pipes.  (See  Drawing 
XVI,)  By  moans  of  the  pipes  converging  at  the  oentral  station,  the 
air  is  cxbansted  ont  of  any  given  district  tank,  and  the  vacnam 
power  thus  exerted  draws  tho  cicrelal  refuse  from  each  honse-cloaet 
pipe  connected  with  that  tank,  This  process  is  repeated  in  every 
district  or  division  of  the  town,  and  the  collected  matter  is  drawn 
through  the  central  pipes  to  the  central  station,  and  there  converted 
by  evaporation  into  a  concentrated  dry  powder  containing,  it  is 
stated,  10  per  cent,  ol  ammonia.  The  boat  employed  for  the  con- 
version of  the  collected  matter  into  a,  powder  of  this  character  is 
that  contained  in  tbe  exhanst  steam  of  the  engines  nscd  it  triple 
effet  as  in  sugar  reducing. 

Tho  following  are  the  principal  features  claimed  in  favour  of  tho 
pneumatic  system  by  Captain  Liomur's  representative  in  this  country. 
Mr,  Adam  8coH. 
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(1.)  Emptying  of  Pipes. — This  takes  place  daily. 

(2.)  Piping. — All  5  inch  cast-iron  socket  pipes— lead  i 
joints. 

(3.)  Preature. — This  iiiBtead  of  being  outward,  aa  ia  ga«  and 
water  pipes,  is  inward  by  roason  of  the  vaennm.  Thns  in  case  of  n 
loose  or  dislocated  joint,  the  lead,  tow,  and  eartb  would  lie  drawn 
in  and  the  joint  made 

(4.)  Ta^i^w-— There  are  no  valves  in  the  whole  system  of  pipes, 
nor  any  moveable  mechanism  except  the  cocks  at  the  junction  of 
street  and  ccvtml  pipes  with  tanks.  These  cocks  are  like  those 
used  in  water  mains,  and  can  be  lilted  np  and  examined  at  any 
time. 

(5.)  Chtel$  without  Water. — These  are  composed  of  two  fnnnels> 
syphou  and  Boil  pipes,  and  two  ventilating  pipes,  one  for  the  fiumel) 
the  other  for  the  soil  pipe.  (See  Drawing  XVI.)  By  the  action 
of  an  air-HUcker  (not  known  in  England),  there  is  a  constant 
current  from  the  closet  apartment  into  the  closet  and  ont  to  tlie  roof 
of  the  lionaC' 

(6.)  WaUr-Cloiets. — Only  tbose  of  a  water-saving  character,  and 
even  those  reluctantly,  are  admissible,  as  they  dilate  the  manure  a 
affect  the  cost  of  evaporatior 

(7.)  Mode  of  Working.— PaiTola  of  men,  in  twos,  tnm  the  c 
in  connection  witb  the  street  tanks. 

B.)  Stoppagti  in  Pipes. — If  Cajitain  Liemur's  plana  are  followed 
these  arc  impossible.  People  can  stop  up  their  closets  but  not  the 
pipes,  anjtlung  getting  into  which  is  carried  without  fail  to  tbo 
central  station. 

(9.)  Equalisation  of  Be»ittanee»  in  Pipet. — This  ia  obtoin^Uj 
creating  artificially,  barometrical  oolnmns  of  matter  i 
barrel  pipes  (hoc  Drawing  XVI.). 

(10.)  Sink  Refuse. — This  ia  received  in  a  kind  of  tiap  wtuoh 
retains  the  suspended  matters,  the  bulk  of  the  liquid  passing  away 
through  an  upward  strainer,  not  into  the  air-tight  pipes,  but  into 
the  house-sower  leading  to  the  common  sewer  for  separate  treat- 
ment  by  coke  filters.  The  deposit  is  collected  daily  in  the  same 
way  that  the  contents  of  the  closets  are  collected.  By  this  trap 
all  connection  between  house  and  sower  is  cut  oH. 

(11.)  Waste  Water  of  Trade.~T\aa  Captain  Lieranr  requires  to 
be  purified  before  it  leaves  the  manufacturer's  premises.  It  then 
enters  the  same  conduit  as  the  ovcrHow  liquid  from  the  sink  trap. 
To  insure  its  purification  before  discharge,  Captain  Liemur  con- 
stmcts  a  bend  in  the  drain  pipe  &om  tho  factory  to  the  sewer  in 
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vhiob  Home  of  the  water  must  always  romairi.  A  thin  siand-pipo 
to  the  pavflment  from  tliis  Ijend  enables  the  inspector  of  noisaiioes 
by  means  of  a  smaU  band-pamp  to  take  a  sample  for  examination  nt 
any  time. 

(12.)  Street  Mud  itnd  Detril us.— This  ia  no*  allowed  to  enter  tbe 
sewer.  The  street  gullies  are  provided  with  moveable  ii-on  buckets 
into  which  all  the  water  enters  by  a  funnel,  but  can  only  get  to  the 
sewer  by  filtering  upwards  round  the  funnel  through  a  loosely 
woven  thick  straw  mat,  all  the  coarse  particles  being  cast  down  into 
tbe  backet,  and  removed  from  time  to  time  by  Bcarengers. 

(13.)  Sain  Water,  SulsoU  Water,  ami  House  TTa/er.— These  all 
go  into  the  common  sewer  which  receives  the  overflow  from  the  sink 
traps,  and  the  water  from  trade  promises.  The  contents  of  this 
conduit  are  filtered  through  gas-coke  filtering  beds. 

(14.)  Common  SewerK  and  Subsoil  Drainaae. — Where  sewers  do  not 
exist.  Captain  Liernnr  would  construct  new  ones  of  vitrified  earthen- 
ware 80  as  to  prevent  the  sewage  getting  oat  or  the  anbsoil  water 
getting  in.  For  the  drainage  of  the  subsoil  water  so  as  to  keep  it 
nt  a  permanently  low  level,  a  sepaiate  set  of  agricultural  drain-pipes 
are  used,  which  discharge  at  intervals  into  the  common  sewer. 

(15.)  Influence  on  Health.— Hr.  Scott  considers  that  it  has  been 
shown  by  five  years'  experience  in  Holland  that  the  pneomatic 
Bystem,  by  removing  excrement  without  any  possible  pollation  of 
air,  soil,  or  water,  has  banished  typhoid  and  diphtheria,  as  well  na 
cholera  and  any  diseases  that  are  conveyed  by  the  discharge  from 
the  intestines. 


XCVI. — Tbe  Advantaor  op  ketainino  ihb  "Su-oaa"  in  the  Liguio 
Skwaob  WHKN  it  is  APPLiEti  TO  Lano.  Having  expressed  a  very  de- 
cided opinion  tliat  artificial  treatments  of  sewage  are  only  admissible 
when  land  cannot  be  obtained,  it  it,  desirable  to  show  that  "sludge" 
is  not  a  bar  to  the  application  of  sewage  to  land.  It  is  only  neces- 
sary to  remember  of  what  substances  "  sludge''  is  composed,  to 
be  satisfied  that  it  cannot  possibly  permanently  clog  any  soil.  It 
consists  of  vegetable  and  animal  substances  which  are  perishable, 
mixed  with  earthy  and  mineral  substances  whicb-aro  not  perishable, 
and  exist  in  very  small  particles.  Of  the  latter  the  most  minute  consist 
of  road  sand,  the  particles  of  which  still  float  on  after  the  heaviet 
detritus  has  deposited  itself.  When  these  perishable  and  impetiahablo 
substances  find  their  way  into  the  interstices  of  the  soil  they  must 
1,  from  their  nature,  obiionsly  add  to  its  porosity.  The  perishable 
substances  leave  open  spaces  as  they  decay,  while  the  imperishable 
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aubalftucea  from  tlieir  gritty  nature  necessarily  lielp  to  improve  1 
filtering  powerM.  So  long  as  the  slndgo  is  wot  it  impedes  absorption 
to  a  certaiu  extent,  but  wbea  once  dried  and  the  land  broken  np  by 
the  plough  or  the  scarifier,  it  cot  oniy  ceases  to  npbo]d  the  liquid, 
bot  mnlerially  nod  permanently  increases  the  absorptive  powers  of 
the  soil. 

In  intermittent  downward  filtration,  the  deposit  of  the  sludge 
tftVeB  place  in  the  furrows  which  form  an  easeittial  fealare  in  tlie 
syBtem,  altbongb  by  skilful  management  other  forms  may  be  adopted ; 
and  we  find  in  practice  that  the  fnrrowa  when  first  used  absorb  th« 
sewage  too  qaickly,  bnt  that  as  the  deposit  of  sludge  accumulates  in 
the  bottom  it  resists  infiltration  and  drives  the  sewage  into  the  ridges 
on  each  side,  and  so  distributes  it  more  equally  than  if  the  furrows 
alone  absorbed  it.  As  soon  as  the  deposit  of  sludge  is  sufficient  to 
prevent  infiltration  in  any  great  degree,  the  sewage  is  withheld  from 
the  areas  so  aficcted  fur  a  few  daye.  The  sludge  is  thus  allowed  to 
dry  (partially)  in  the  farrows,  and  when  iua  fit  condition  it  is  litled 
and  dug  into  the  ridges, — as  can  be  seen  practised  every  day  at 
Gennevilliers  (Paris). 

The  slimy  matter  wbicb  bad  appeared  so  considerable  when  in 
a  wet  state  shriuks  to  a  Bkin  of  very  insignificant  thickness  when 
dry,  and  ia  readily  broken  up  and  mixed  with  the  soil. 

These  remarks  apply  to  the  mechanical  action  of  sludge  upon  tlie 
soil.  The  floating  ingredients  of  a  fertilising  character  being  of  the 
Bmall  commercial  value  that  has  been  represented  (Section  XCIV.) 
they  cannot  be  more  easily  or  more  economically  disposed  of  than 
upon  land,  or  more  cheaply  distributed  than  by  the  same  vehicle  which 
conveys  to  the  laud  the  more  valuable — i.e.,  the  soluble — materials  of 
the  liqnid  sewage.  The  very  trifling  value  of  the  suspended  ingre- 
dients, indeed,  renders  it  all  the  more  desirable  that  they  should 
be  disposed  of  by  the  same  means  and  at  the  same  time  as  tho 
liquid. 

The  objection  raised  to  tho  spreading  of  sewage,  containing  eoUd 
ingredients  !n  suspension,  amongst  growing  plants,  because  those  solid 
matters  will  cling  to  their  stalks  and  leaves,  vanishes  altogether  when 
furrows  are  made  the  channels  of  distribution,  and  when  no  more 
sewage  is  distributed  ou  the  surface  of  land  than  vegetation  requires, 
and  the  land  will  absorb.  It  is  only  when  the  pernicious  practice  of 
footling  land  is  resorted  to  that  sewage  will  rise  up  among  the  stalks 
and  leaves  growing  upon  it.  At  Gennevilliers  tho  sewage  never 
touches  the  vegetation  growing  in  the  irrigated  ground.  It  is  dia- 
trihuted  throughout  the  entire  breadth  of  tho  plains  by  furrows  in 
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the  way  I  have  always  adopted  in  intermittent  filtration  to  secure 
the  uniform  cleansing  of  sewage.  (See  Section  CI.  and  Draw- 
ing XVII.) 

XCVII.  —  ClBCUMSTANCES   UNDER  WHICH  THE    SPECUL   TREATMENT 

OB  Riddance  of  Sludge  may  be  necessary.  Although  I  am  very 
sanguine  that  with  increasing-  experience  in  using  and  cleansing 
sewage,  we  shall  find  that  straining  will  suffice  to  free  ifi  of  the 
only  materials  which  would  be  obstructive  and  offensive  when 
delivered  into  furrows  or  spread  over  the  surface  of  land,  I  am  at 
present  obliged  to  admit  that  circumstances  may  occur  in  which  it 
would  ba  advantageous  to  subject  the  sewage  to  chemical  treatment 
in  order  to  precipitate  the  finer  particles  after  the  coarser  substances 
have  been  removed  by  the  strainer.  This  obligation  will  arise  but 
seldom  in  either  intermittent  downward  filtration  or  wide  surface 
irrigation,  if  the  distribution  is  well  managed — ^the  exceptional 
instances  being  when  the  quantity  of  light  flocculent  matter  is 
greatly  in  excess  of  the  ordinary  amount,  or  where  trade  liquids, 
in  which  the  suspended  matter  is  of  a  nature  deleterious  in  itself, 
are  discharged  into  the  sewers. 

» 

XCVITI. — The  Temperature  of  Sewage.  It  will  not  require 
further  remark  to  render  manifest  that  I  regard  land  as  the  only 
certain  medium  of  freeing  sewage  of  its  foul  and  noxious  matters  ; 
and,  before  explaining  the  manner  in  which  land  can  be  rendered 
capable  of  performing  this  duty,  it  should  be  stated,  in  anticipa- 
tion of  the  objection,  oflen  raised,  that  frost  acts  as  a  bar  to  the 
distribution  of  sewage  on  the  surface  of  land  in  the  wiuter  seasou, 
that  Mr.  William  Haywood,  the  engineer  to  the  City  of  London, 
having  carefully  ascertained  the  temperature  of  the  internal  air  of 
sewers,  and  compared  it  with  that  of  the  external  air  for  a  whole  year, 
found  the  mean  winter  temperature  of  the  former  to  be  11*61  deg. 
higher  than  the  latter,  while  it  was  3*07  deg.  higher  in  autumn,  and 
0*0G  deg.  in  spring.  In  summer  the  sewer  air  was  3*12  deg.  colder 
than  the  outer  air. 

The  following  Table  gives  the  comparative  figures : 


TlMl  o»  Tejib. 

Temperature  !n  E;tlenl»l 
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UIghMl. 

Loweit. 

Meu. 
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68 
62 
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7(1 

66 

Artrage  of  whole  Tear 

..„ 

Tho  Sewage  CommiUee  of  the  Briijsli  Assod&ticia  aBcertainfid 

MerthjT  tbat  cm  the  coldest  day  during  tho  time  the  obseryations 
were  made,  the  difference  between  the  temperature  of  the  sewago 
delivered  to  the  filtratipa  areas,  and  that  of  the  olr  was  8  dog.,  while 
the  temperature  of  the  effluent  water  discharged  from  the  under- 
draiua  was  found  to  be  one  degree  higher  thaa  sewage  itself.  Tlio 
obserrationa  to  which  I  refer  wore  made  for  eight  days  in  January, 
and  in  July,  1872.    They  were  recorded  as  follows  :  ^m 
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•F. 
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•P. 

M 
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U 
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s» 

10 

to 

u 

The  figures  in  these  two  Tables  will  probably- satisfy  yoa  that  Ibe 
distribution  of  sewage  on  land  is  not  likely  to  bo  much  impeded  by 

frost,  aud  that  when  collected  in  furrows,  as  ia  the  case  in  intermittent 
downward  filtration,  the  aewage  will  thaw  the  frozen  condition  of  land 
with  which  it  mny  be  bronght  in  contact,  I  point  this  out  because  the 
Eivera  PollntioD  CoEnmissionerB  in  their  eiamination  of  the  effluent 
water  from  tho  Croydon  Sewage  Farm,  on  the  surface  of  which  the 
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sew&ge  IB  spread  b^  wide  irrigation,  foand  tbat  daring  frost  in  winter 
it  was  slightly  icsa  pure  tban  at  other  liiaea,  fi-om  which  it  would 
be  inferred  that  the  frozeu  condition  of  the  soil  at  &  time  when  the 
BseiniilatiFe  functions  of  vegetation  wore  dormant  was  the  caaae  of 
the  inferior  character  of  the  effluent.  This  would  in  itself  suggest 
that  it  would  be  better  to  have  in  readiness  an  area  of  furrowed 
filtration  ground  to  receive  the  sewage  during  frost  whereby  the 
greater  depth  ofsewagewould  ensure  a  higher  degree  of  temperature. 

XCIX,— Land  the  Pueifier  op  Liquid  Sewage  and  Liquid  Sewage 
THE  FehtiLIbeB  of  Lasp.  I  desiro,  before  entering  upon  the  different 
modes  of  purifying  and  utilising  sewage  by  land,  to  reiterate  the  fact 
that  it  has  only  been  by  bringing  sewage  in  contact  with  natural 
soil,  that  purification  and  ntihsatlon  have  been  satisfactorily  united. 
Whether  sewage  bo  applied  to  a  broad  area  of  land  by  surface 
irrigation,  or  to  a  limited  area  by  intermittent  downward  filtration, 
the  effects  which  head  this  section  are  invariably  the  result  of  the 
contact  in  a  greater  or  less  degree.  To  use  the  words  of  Dr.  Forbes, 
"  the  process  in  either  case  is  to  bring  into  action  a  mechacico-chemical 
treatment ;  the  soil  acting  mechanically  as  a  filter,  whilst  the  oxi- 
dising action  of  the  air  in  the  soil  and  the  growth  of  vegetation  on 
the  surface  bring  powerful  chemical  agencies  into  operation,  and 
decompose  and  assimilate  the  organic  and  other  compounds  in  the 
sewage  which  may  be  available  as  fertilising  ingredients." 

It  is  hardly  necessary  again  to  remind  yon  that  while  the  sereral 
chemical  processes  I  have  jnst  described  aim  at  converting  the  sus- 
pended substances  of  sewage  into  a  portable  manure,  they  admittedly 
fail  in  cleansing  the  liquid,  so  as  to  free  it  perfectly  of  "  its  foul  or 
norious  matters."  In  truth,  as  already  stated,  the  promoters  of  some 
of  these  processes  look  to  tho  supplemental  act  of  passing  sewage 
through  soil  as  a  means  of  completing  the  purification  which  they 
have  failed  to  secure  by  chemical  treatment  alone.  We  want  nothing 
more  than  this  to  justify  tho  preference  for  land  as  the  purifier  of 
sewage.  It  is  quite  tme  that  wo  yet  want  proof  that  a  profitable 
return  can  be  continuously  obtained  by  plant  growth  from  the  use  of 
sewage  in  any  shape,  bnt  I  hf.pe  with  tho  evidence  already  ob- 
tained of  the  power  of  sewage  to  stimulate  vegetation  and  produce 
maiimum  crops,  to  show  before  I  have  done,  that  by  avoid- 
ing the  imprudence  of  acquiring  larger  areas  of  land  than  are 
wanted  we  may  ultimately  realise  the  real  value  of  liquid  sewage. 
Up  to  this  moment  the  minds  of  the  agricnltnriat  and  tho  horticul- 
tnnst  Lave  not  been  brought  to  bear  upon  the  subject  in  miion  with 
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those  of  the  chemist  and  tlie  engineer,  and  tintil  they  have  beiJii  we 
jnnst  be  content  with  the  present  bewilderment.  The  general  rate- 
pajing  pnblic,  seduced  for  the  time  by  scientific  theories  pnt  forth 
by  Liebig,  BonsBinganlt,  and  other  chemista  of  renown,  have  been  led 
to  believe  that  tlie  fertility  of  land  may  be  thoroaghly  well  sustained 
by  the  application  of  the  liquid  sewage  of  twenty  persons  to  an  acre. 
Bat  this  hiu)  not  borne  the  test  of  experience.  With  the  compulsory 
cleansing  of  sewage,  nnder  all  conditions,  we  have  learnt  that 
theory  and  practice  are  not  at  present  reconcilable,  and  the  effect 
has  been  that  those  who  would  study  true  economy  find  it  better  to 
adopt  as  a  starting-point  the  minimum  extent  of  land  tliat  will 
suffice  for  the  purification  of  the  sewage  rather  than  the  mnximnm 
that  may  possibly  be  fertilised  by  a  given  quantity  of  sewage — 
taking  care  to  increase  the  area  wherever  there  exists  good  local 
markets,  or  other  conditions  to  ensure  the  sale  of  sewage  produce  at 
full  compensating  prices,  and  never  neglecting  to  lay  the  fonudatio&^ 
for  extension  as  oppoi'tunily  may  arise.  ^3 

C. — ^WiDE  Surface  Ibbiqatios.  The  difficulties  which  beset  the  BoiftJ 
age  brmer  and  the  sewage  gardener,  aad  which  have  thrown  con- 
aiderable  doubt  upontheprobability  of  ever  deriving  a  profit  from  the 
utilisation  of  sewage  on  laad,  have  been  already  referred  to  in  Section 
XCII.,  and  again  at  the  close  of  the  last  section,  It  now  becomes 
my  duty  to  describe  the  difierent  ways  of  preparing  land  for  cleans- 
ing  and  utilising  sewage. 

The  mode  of  treatment  to  be  first  considered  is  "  Wide  Surface 
Irrigation,"  a  term  which  is  used  to  express  the  distribution  of  sew- 
age over  as  wide  a  surface  of  land  as  can  be  fertilised  by  its  appli- 
cation withoQt  precise  regard  to  the  regular  absorption  and  infiltra- 
tion of  the  sewage,  although  every  drop  to  be  purified  by  the 
process  must  ultimately  pass  through  the  soil  before  it  reacheB 
the  outfall  stream. 

To  meet  and  overcome  the  difficulties  of  a  varying  character  of 
Boil  and  a  varying  inclination  of  surface  by  appropriate  distribution, 
ia  not  an  easy  matter.  Land  may  not  only  be  too  retentive  or  too 
porous,  but  its  surface  may  be  too  sfeep  or  too  Gat,  and  the  mode  of 
distributing  sewage  on  land  must  thereforo  bo  governed  by  the 
degree  in  which  these  natural  conditions  exist. 

Wide  surface  irrigation  does  not,  aa  was  a  few  years  ago  con- 
sidered, consist  of  Jhodbig  undraiued  land  with  liquid  sewage 
when  in  a  state  of  saturation ;  but  it  consists  in  distributing 
Bevage  on  the  surface  of  land  in  such  a  quantity  as  will  satv^ 
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the  dcmasdB  of  vegetatioa  witliotit  waste  and  satisfy  tlie  absorbent 
povrerB  of  the  soil  without  overfloic  One  aero  to  every  100  persons 
is  considered  to  be  a  propei"  provision.  Very  few  years  back  it  was 
believed  to  be  riglit  to  rau  sownge  over  land  in  tlie  sfime  way 
as  water  irrigation  id  practised  in  the  valley  of  the  Po  in  North 
Italy,  and  in  the  valleys  of  the  Avon  and  the  Tost  in  tJiis  country, 
where  the  melting  snow  from  (he  Alps  in  the  one  case,  and  the  out- 
barsting  springs  from  the  chalk  in  the  otber,  supply  a  superabundant 
flow,  and  where  the  warmth  and  quality  of  the  waters  slimulato  a 
prolific  growth  of  herbage  in  an  opportune  season.  The  ofi'ensive 
practice  of  "flooding"  is,  I  am  sorry  to  say,  still  continned  on 
some  sewage  farms.  It  is  even  stated  to  be  the  right  thing  to 
encourage,  and  where  the  object  is  to  get  rid  of  an  excessive  qunntit}-, 
and  BO  dispose  of  a  troublesome  matter,  it  maybe  pardonable,  but 
to  do  so  wliero  the  land  is  laid  down  with  Italian  rye-grass  which 
will  swallow  up  a  largo  quantity  of  sewage,  or  on  land  which  hap- 
pens to  be  in  a  fallow  state,  in  the  slap-dash  stylo  adopted  by  some 
persons,  cannot  be  justi6ed  on  any  rational  ground.  Such  acts  of 
extreme  waste,  attended  as  tliey  frequently  are  with  positive  nui- 
sance, cannot  be  called  either /armiHy  or  gardening. 

Very  few  years  back  the  advantages  of  aeration  of  soil  were 
ignored,  and  under  drain  age,  without  which  aeration  cannot  exist, 
was  regarded  rather  as  an  evil  than  as  a  benefit,  becanse  it  caused 
a  waste  of  valuable  liquid.  I  remember  being  ridiculed  at  a  dis- 
cussion at  the  Society  of  Arts,  some  ten  years  back,  for  insisting  npon 
the  anderdrainage  of  all  lands  to  which  sewage  might  be  applied 
as  the  chief  means  of  freeing  irrigation  from  the  objections  raised 
to  it.  ItTigation,  as  true  science  has  since  recognised  it,  is,  I  repeat, 
the  application  of  a  given  quantity  of  sewage  to  as  many  acres  of 
land  as  will  produce  a  maximum  growth  of  vegetation  iiithout  sn- 
persatnration  of  soil.  The  quantity  will  necessarily  vary  according  to 
the  character  and  quality  of  the  soil  to  which  the  sewage  is  applied. 
Natural  or  artificial  drainage  is  indispensable.  An  able  and  eipe- 
ricnced  irrigator  of  the  present  day  does  not  allow  a  drop  of  sewage 
to  flow  ofl'  the  surface  into  the  river  as  was  formerly  the  case  nnder 
the  pretence  that  it  was  cleansed,  but  if  the  quantity  distributed  ou 
the  surface  is  not  absorbed  it  is  reapplied  to  lower  land,  adjusting 
the  application  to  the  demands  of  the  growing  crops  and  t-o  the 
capability  of  the  land  to  absorb  and  cleanse  the  sewage.  It  is  only 
in  the  case  of  stiff  retentive  soils  that  any  roapplication  of  sewage  is 
neoessary. 

(1.)  SuitahU  and   Viiiuilahle   Soilt.  —  Speaking   genetall;   th« 
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.  greater  ita  natural  fertility  the  more  suitable  is  all  land  for  irrigaticni, 

[  nutsmoch.  as  the  Btimulation  of  plant-growth  hj  a  covering  of  liquid 

D  only  be  maintained  nnder  every  atmOBpheric  change  by  a  natural 

productive  power  in  the  soil  from  which  it  springs.   Though  poor  land 

■will  become  productive  nnder  the  process,  the  best  returna  from  a 

given  outlay  are  gained  from  a  soil  natarally  fertile. 

Having  reference  to  the  mineral  constituents  of  soils — irrespectiTO 
of  the  organic  matters  which  may  esiat  in  them  to  increase  their 
natural  fertiUty  —  the  moBt  suitable  soil  is  n  loam  with  a  sm&ll 
proportion  of  gritty  gravel  to  give  it  a  percolative  property,  which 
in  other  words  means  natural  drainage.  The  soils  most  nuEuitable 
are  very  stiff  clays,  very  coarse  gravels,  and  ho^y  peat  lands. 
When  saying  this  of  clay  soils  I  desire  t«  record  my  conviction  that 
the  day  is  not  far  distant  when  a  mellow  clayey  soil — i.e.,  a  loamy 
clay — will  be  placed  amongst  suitable  soils;  but  to  attain  this  cha- 
racter such  soils  must  be  properly  drained  and  properly  prepared  by 
deep  cultivation,  and,  if  necessaiy,  by  mixture  with  burnt  clay,  ashes, 
and  sand.  Upwards  of  thirty  years'  practice  in  land  drainage  in 
this  country  leads  me  to  the  conviction  that  clay  soils  should  be 
avoided  if  other  and  fi-eer  soil  can  be  obtained,  because  in  the 
absence  of  tlio  essential  conditions  which  I  have  specified  they 
fail  to  gain  an  nniformlj  percolative  character,  and  it  is  not  otlsa 
that  Local  Boards  will  incur  the  ontlay  necessary  to  prepare 
them  pi-operly.  Soils  in  which  clay  esists  will  crack,  and  the 
raw  sewage  applied  to  the  anrfaco  will  descend  by  the  cracks 
directly  down  to  the  drains,  and  will  pass  away  to  the  rivers 
and  streams  in  a  condition  almost  as  foul  as  when  it  was  ap- 
plied to  the  surface.  This  was  the  condition  of  the  land  at  Nor- 
wood, which  had  been  drained  in  an  ngncnltoral  fashion  before  tho 
sewage  was  applied  to  it,  when  it  was  found  to  be  necessary  to 
remove  or  to  stop  up  the  drains.  To  overcome  this  is  a  real  difficulty, 
but  where  no  choice  exists  and  necessity  gives  birth  to  invention, 
the  difficulty  and  objectiou  will  cease,  and  we  shall  learn  that  land, 
to  which  sewage  ia  applied,  is  rather  the  better  for  havinga  moderate 
proportion  of  clay  in  it. 

The  superior  properties  of  aerated  (drained)  clay  consist  in  its 
affinity  for  ammonia,  and  the  extreme  coniTninntion  to  which  it  ia 
reducible  by  the  action  of  air  and  water.  Under  proper  treatment  & 
loamy  soil  becomes,  in  fact,  not  only  more  productive,  and  therefore 
a  better  purifier,  but  a  better  filtering  mat-erial  than  either  gravel  op 
coarse  sand.  You  mnst  not,  however,  misunderstand  me.  I  do  not 
recommend  clay  soils  for  sewage-cleansing  in  the  pi-csent  state  of 
knowledge,  for  our  authorities  have  not  yet  realised  that  it  is  more 
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eoonoEoicD.]  to  thoroughly  prepare  a  small  aroa  of  land  by  draining, 
trencbing  and  mixing,  than  to  nse  a  large  area  which  has  only  been 
indifferently  treated,  and  until  they  do,  the  engineer  mnst  be  con- 
tent to  await  the  growth  of  esperience,  and  the  lessons  sanitaty 
antboritieB  will  gaia  from  failure.  It  will  be  well  nnderstood  that 
those  who  wonld  crowd  thooeandB  of  tons  of  sewage  on  laad-pro- 
dacing  Italian  rye-grass  to  rise  np  amongst  the  fi;eo-growing  foliage, 
and  those  who  wonld  let  sewage,  when  in  excess,  ran  loose  on  a 
fallow  surface  of  open  porous  soil,  to  go  where  it  will  for  chance 
absorption,  and  call  such  practices  "sewage  farming,"  would  declare 
that  clay  lands — which  stubbornly  resist  sach  treatment — are  al- 
together unsuitable. 

The  effect  of  in'igation  on  an  undrained  clay  soil  may  bo  seen  at 
Harrogate,  Eariswood,  and  other  places.  At  Harrogate,  where  the 
sewage  is  applied  ou  the  catch-water  system  to  lands  undrained,  or 
imperfectly  drained,  the  sewage  does  not  penetrate  the  soil  to  auy 
appreciable  extent,  except  in  the  dry  days  of  summer,  when  the 
atmoaphere  does  the  work  of  tillage  by  cracks  and  pulverisation. 
It  ia  in  winter  when  the  land  is  thoroughly  wet  and  vegetation 
inactive,  that  a  considerable  portion  of  the  suspended  matter  is 
carried  over  and  off  the  surface  into  the  streamB  by  the  irrigating 
hqnid  which  leaves  the  land  almost  as  fonl  as  when  it  was  delivered 
to  it.  I  have  traced  at  Harrogate  the  coagulated  solid  matter, 
wliich  had  passed  from  the  tanks  on  to  the  land,  from  one  bed  or 
-  tcrraoe  to  another,  and  then  on  to  others,  until  it  ultimately  reached 
the  stream  (Beck)  which  supplies  waters  to  riparian  owners  lower 
down  its  coarse.  This  condition,  I  beheve,  is  now  undei^ing 
alteration.  At  Eariswood  a  similar  result  attended  the  distribu- 
tion of  sewage  upon  lands  of  which  the  inclination  of  the  surface 
was  very  much  less  than  that  which  exists  at  Harrogate.  The 
Sewage  Committee  of  the  British  Association  reported  upon  this 
case  as  follows; 

"  It  will  be  remembered  that  the  Committee  investigated  the  utili- 
sation ofthe sewage  of  Redhill,  Surrey,at  Eariswood  Common, and 
reported  the  resnlt  at  the  last  meeting  of  the  British  Association  at 
Edinburgh.  In  this  report  the  extent  and  mode  of  laying  out  the 
land  and  applying  the  sewage  were  described,  and  analyses  were 
given  of  samples  of  the  sewage  and  effluent  water  taken  by  the 
Committee.  The  results  of  these  analyses  showed  that  the  sewage, 
although  very  weak,  wivs  but  very  imperfectly  purified  by  the  pro- 
cess ;  and  that  this  was  so,  was  attributed  by  the  Committee  chiefly 
to  the  absence  of  underdrainago  iu  the  irrigated  land,  the  analyses 
and  various  observations  as  to  the  tempei-atnres  of  the  samples  point- 
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ing  to  the  conclusion  that  the  land  had  become  saturated,  aud  that 
the  sewage  simply  flowed  over  it  inatend  of  percolating  through  it. 

"  The  Coniinititee  has  again  examined  this  farm,  considering  it 
desirable  to  ascertain  and  report  any  change  of  circnmstanceB  con- 
nccUid  with  it.  No  sampling  of  the  sewage  or  effluent  water  wag 
made  on  this  occafiion,  as  it  was  found  that  tlie  farm  remained  very 
much  in  the  same  condition  as  when  last  visited. 

"  The  ontfall  ditch,  which  receives  the  effluent  sewage  from  the 
lowest  heds,  has  been  lowered  two  feet,  so  as  to  admit  of  subsoil-drain- 
age over  the  whole  farm ;  but  none  has  been  executed,  altbongh  the 
idea  was  at  one  lime  entertained. 

"  The  crops  on  the  fiirm  consist  principally  of  i-ye-grass  and  oats, 
with  a  few  mangolds.  The  rje-grasa,  of  which  three  crops  have  been 
cnt  this  year,  is  for  the  most  part  made  into  hay,  there  not  being  su/- 
Acient  demand  for  it  in  the  green  stale.  It  should  be  stated  tliat  on 
the  occasion  of  this  inspection  the  effluent  water  was  running  ap- 
parently clear  and  free  from  smell." 

These  two  cases  arc  sufficient  in  themselves  to  fihow  that  clay  lands 
ia  an  undraintd  condition,  though  they  may  carry  good  crops  under 
the  stimulating  influence  of  sewage,  and  produce  a  fiiir  efflnent 
in  summer,  cannot  in  any  way  be  relied  upon  in  winter.  They 
require  all  the  help  the  engineer  can  give  them  by  anderdrainogo 
and  snrfece  preparation  to  render  them  enitable  all  the  year  round. 

That  soils  may  bo  much  too  free  in  character,  as  well  as  too 
dense,  has  been  shown  at  the  Lodge  Farm,  Barking,  where  flooding 
has  been  adopted  to  nn  extent  which  thongh  not  reaching  the 
quantity  of  sewage  applied  at  the  Heathcote  Fai-m,  Leamington,  will 
surprise  the  student  of  agricultural  economy.  At  Barking  as  mooh 
OS  from  10,000  to  15,000  tons  of  sewage, — and  if  I  remember 
rightly  even  much  more, — have  been  applied  to  an  acre  of  gravelly 
land.  This  is  remarkable,  bnt  its  application  as  a  farmer's  act 
will  become  more  striking  when  it  is  stated  that  4000  tons  were 
applied  to  an  acre  of  loamy  land  at  the  same  time,  and  produced  the 
same  quantity  of  grass.  Both  applications  were  greatly  in  oxccsa  of 
what  was  necessary  to  produce  the  crop,  but  the  exceaa  of  the  one 
over  the  other  at  once  conveys  to  the  mind  that  in  the  first  cnao 
from  6000  to  11,000  tons  of  sewage  were  positively  thrown  away.  I 
would  particularly  draw  attention  to  this  fact,  as  it  confirms,  first, 
the  statement  that  clayey  soils  possess  superior  natural  capabilities 
of  production,  and  second,  that  inasmuch  as  no  grass  crop,  however 
thirsty  may  bo  its  character,  can  appropriate  more  than  a  very 
minute  proportion  of  the  fertilising  elements  which  such  copious 
applicatbns  contain,  th«  rest  must  be  irrecoverably  lost  by  being 


TBEATMEKT  AND  DISPOSAL  OF  SEWAGE. 


305 


washed  dawn  into  tho  lower  deptbs  of  the  subsoil.  Tliia  ia  termed 
"iutendfied  irrigation!"  To  bring  fally  to  the  mind  tho  amaaat  of 
waste  reanlting  from  such  fioodiog  of  laud,  it  slioald  be  understood 
that  a  dressing  of  liquid  sewage  half  an  inch  deep  coataining  50  tons 
per  acre,  is  far  more  than  sufficient  to  inrigorats  and  fertilise  any 
growing  crop,  and  thitt  1^,000  tons  per  acre  represent  300  drees- 
ings  of  the  same  depth,  or  one  dressing  nearly  every  day  but  Sun- 
days thronghont  the  whole  year,  Convertiid  into  gallons,  15,000 
tons  become  3.360,UOO,  or  a  quantity  equal  to  the  average  out- 
flow of  sewage  from  3i50  people  for  a  whole  year,  and  seeing 
that  whenever  sewage  is  applied  in  large  quantities  to  sloping 
ground — and  all  sewage  famis  are  laid  out  in  slopes  —  it  must 
necessarily  run  into  the  lower  piirts,  it  may  be  taken  fur  certain 
that  there  are  certain  parts  of  every  Geld — the  hollows  and  slacks — 
that  naturally  absorb  doable  this  quantity  per  acre.  This  approachea 
tho  quantity  cleansed  by  tho  process  of  intermittent  downward 
filtration,  which  does  not  profess  to  mako  the  growth  of  vegetation 
a  primary  object,  thongh  wheu  carefully  combined  with  irrigation 
it  furnishes  the  only  certain  means  of  turning  aewago  to  a  profit- 
able account,  Tlie  crop  produced  at  the  Lodge  Farm  from  the 
15,000  tons  of  sewage  was  Italian  rye-grass,  of  which  each  ton 
was  obtained  at  an  eitpenae  of  376  tons  of  sewage  (84,000  gallons), 
a  quantity  equal  to  the  ordinary  daily  discharge  of  a  town  of  3000 
or  4000  inhabitants.  If  we  pnt  the  price  of  the  sewage  at  one-fourth 
of  its  theoretical  value,  i.e.,  at  a  halfpenny  a  ton,  we  shall  still  find 
that  its  cost  exceeds  the  selling  price  of  the  grass  independently  of 
the  outlay  in  rent  of  land,  labour,  seeds,  Ac. 

At  Lord  Warwick's  Heathcote  Farm,  Leamington,  a  larger  quantity 
of  sewage  has  been  applied  to  Italian  rye-grasa  than  even  that  which 
I  have  quoted  aa  the  acreage  quantity  occasionally  nsed  at  tho  Lodge 
Farm.  Tho  tabular  statement  given  by  Mr.  Uorton  in  an  essay  on 
"Half  a  DoKen  English  Sewage  Farms"  {Journal  of  the  Boijal 
Agricultural  Soneti/  of  England,  Second  Series,  vol.  xii.  part  ii.), 
shows  that  279,010  tons  (62,408,240  gallons)  have  been  applied  to 
less  than  14  acres  of  light  loamy  land.  This  is  eqnal  to  very  nearly 
20,000  tons  (4,480,000  gallons)  of  sewage  per  acre,  or  the  annual 
liquid  refuse  of  aboat  500  persona  using  25  gallons  of  water  per 
bead  per  diem,  which  if  valued  at  only  a  halfpenny  a  ton  would 
amount  t->  41/.  per  acre  independently  of  rent,  labour,  seeds,  Ac. 
liord  Warwick,  however,  pays  for  the  Eewa;^e  of  Leamington,  which 
in  1875  amounted  to  1,451,930  tons,  much  less  than  a  halfpenny  a 
ton.  He  pays  in  fact  not  quite  the  third  of  a  farthing  per  ton.  At 
this  price  the  cost  of  the  sewage  swallowed  np  by  this  field  alone, 
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Mstuning  every  acre  to  receive  au  eqniil  quantity',  is  npwnrds  of  67.  per 
acre.  To  supply  Lord  Warwick  with  the  sewage  for  which  be  pays  the 
450^.,  the  Bonitary  antlioririeB  of  Leamington  have  eipended  npwarda 
of  16,000i.  in  erecting  pumping  works,  the  animal  instalment  to 
repay  which,  together  with  the  current  cost  of  pumping,  amounta  to 
about  200Oi.  a  year,  or  about  la.  lOd.  per  head  of  the  poptdatiou,  so 
that  each  acre  receives,  when  bo  deluged,  sewage  which  coats  the 
town  271.  lis.  an  acre  to  pnmp.  In  the  eyes  of  the  ratepayers 
nothing  could  be  much  more  forbidding  to  sewage  farming  than 
these  figures,  nnd  in  the  interest  of  a^icultnre  I  protest  against  tho 
Bhortsightcdness  which  would  hold  this  instance  up  as  one  to  copy. 

Tu  applying  these  figures  to  the  question  of  suitable  and.  ananttabla 
soils,  I  should  explain  that  the  swallowing  np  of  so  much  sewage  is 
due  rather  to  an  improper  modo  of  application — quite  inconsistent 
with  sound  sewage  fanning, — than  to  the  condition  of  the  land  itself. 
Still  it  is  undoubtedly  true  that  the  extreme  porosity  of  certain 
BOils  renders  the  economical  application  of  sewage  most  difEcult, 
for,  in  oi'dor  to  get  the  sewage  from  the  higher  part  of  tlio  slope 
down  to  the  lower  part,  tho  former  must  he  in  a  saturated  con- 
dition, and  this  can  only  bo  attained  by  a  sacrifice  of  sewage  to 
some  extent.  The  treatment  of  the  sewage  at  Eton  may  bo  in- 
stanced as  a  case  to  be  studied  by  the  sanitary  engineer.  There 
"the  troublesome  matter  is  got  rid  of"  in  a  ready  way  without  any 
great  profession  of  farming.  There  is  this  amount  of  satisfaction, 
however,  to  be  gained  even  from  the  practices  adopted  at  the  Lodge 
Farm  and  the  Heathcote  Farm  and  at  Eton :  tho  soil  absorbing  these 
large  quantities  of  wasted  sewage,  either  cleanses  it  of  its  foul  and 
noxious  nmttors,  or  the  whole  is  lost  in  the  subsoil,  while  the  ex- 
traordinary quantities  swallowed  up  conclusively  prove  that  tt  is 
hardly  possible  to  overdose  free  soils.  This  precisely  agrees  with 
my  experience  in  intermittent  filtration.  There  is  this  great  difFeretice 
however  between  the  ad  captandum  practice  of  ci-owding  sewage 
upon  any  surfaces  that  will  absorb  it  and  the  process  of  inter- 
mittent filtration,  that  while  in  the  former  case  the  liquid  will  mn 
down  into  the  lowest  places  to  form  pools  of  the  most  objectionablo 
chai'acter,  such  results  are  impossible  with  properly  executed  filtration 
areas,  which  arc  so  designed  as  to  absorb  evenly  all  the  sewage 
that  is  brought  to  them  without  any  chance  of  overflow.  Let  me 
repeat,  the  soil  most  suitable  for  wide-surface  irrigation  is  a  free 
soil  with  a  small  proportion  of  clay  in  it — sufficient  clay,  in  fact,  to 
moderate  the  percoktive  powers  of  its  other  constituents.     Tho  fol- 
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lowing  Table  \Till  be  nsefal  in  oalcnlating  the  area,  over 

wbioh  a                     ^1 

given  qnaatity  of  sewage  may  be  dlBtribnted  is  required  depths.                           ^H 
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(2.)  Underdrainage  and  Surface  Preparation. — The  two  irof^  of 
nnilerdrainage  and  snr&ce  preparation  wbich  arc  aeoessary,  the  ooe 
to  prevent  wetneita  and  the  other  to  secure  an  even  distritratKni  of 
the  sem^  orer  the  surface,  must  each  be  regnlated  bjr  the  citaracter 
of  tbe  soil. 

Unia-drainage. — Where  free  soils  natarallj  Arj  are  fed  with  onlj 
snfficient  sewage  to  wet  and  maniire  them  to  the  extent  required  lo 
insure  the  production  of  the  desired  crops,  no  artificial  anderdraiua^e 
may  bo  necessary,  thoagh  if  the  mode  of  diBtribation  inrolres  ench 
Sooding  as  I  have  spoken  of  at  any  time,  naderdrainage  is  more  or 
less  necessary.  In  fact,  drainage  can  never  do  harm,  wliDe  if  tlia 
Bobsoil  partakes  of  a  retentive  character  drainage  is  indi^tensablc. 
In  soils  comparal  irely  free  in  character  bnt  few  drains  are  reqtaired, 
and  they  should  bo  so  placed  that  if  practicnblc  no  sewage  shall 
tmrcl  directly  over  them,  or  otherwise  it  may 'pass  throagh  the  moTed 
soil,  with  which  the  drain  is  covered,  down  to  the  pipes,  and  find  its 
way  oat  of  them  into  the  river  or  stream  in  an  impnre  condition. 
Where  ciny  soils,  which  arc  better  avoided,  most  be  resorted  to,  tha 
drains  to  overcome  the  natural  retentiveness  of  the  land  will  neces- 
sarily bo  Creqneut,  and  they  should  be  so  laid  out  as  to  allow  the  seir- 
age  if  possible  to  be  twice  applied — that  is  to  say,  the  nnderdrwns 
of  the  land  to  which  the  sewage  is  Grst  applied  should  discharge 
their  effluent  upon  a  lower  surface  of  land,  by  which  any  imparity  i«- 
tained  after  the  first  application  may  be  removed  by  the  second- 
When  this  arrangement  cannot  be  effected  the  sortaco  mast  be 
deeply  and  perfectly  trenched  so  as  to  secnre  that  disint^ration 
which  will  prevent  its  cracking  and  give  it  an  nnifurm  filtering 
power,  If  the  land  is  not  susceptible  of  this  condition,  it  sbonld 
remain  nndrained,  and  the  sewage  ader  passing  over  its  Bur&ce 
should  be  condocted  to  a  small  area  of  land  of  a  &ee  character  spe- 
cially prepared  for  intermittent  filtration,  or,  failing  a  free  soil,  to  a 
bed  of  clay  tpeeially  prepared  for  the  like  purpose.  Thus,  any  fool 
and  polluting  matter  which  it  held  on  leaving  the  clay  surface  above 
may  be  removed  by  passing  through  the  soil  to  which  it  is  after- 
wards applied. 

Surjace  Preparation. — In  preparing  land  for  wide  irrigation  the 
iuclination  which  it  is  necessary  to  give  the  surface  will  entirely 
depend  upon  the  character  of  the  soil  and  subsoil.  The  whole  area 
of  the  sewage  farm  must  necessarily  be  laid  ont  in  slopes,  ruled  in 
size  and  position  by  the  configuration  of  the  surface  and  the  decree 
of  porosity  the  soil  possesses.  With  very  free  soils  a  gradient  of  1  ia 
S5,  or  u  much  as  1  in  20,  may  b«  necessary  to  gain  an  overflow  wbic^ 
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will  cover  the  surface  and  prevent  Mccssive  absorption,  tliongh  on 
very  suitable  soils  a  flatslopoof  1  in  150  maybe  a  workable  gradient. 
Tbosa  farmers  who  are  compelled  to_dispoHe  of  the  sewage  delivered 
to  them,  be  it  much  oi-  little,  and  have  tanght  themselves  to  believe 
that  growing  crops  cannot  have  too  much  of  it,  confessedly  aim  at 
8 upersatu ration  to  effect  the  distribution  of  the  sewage  upon  whicb 
they  put  but  Httlo  or  no  value,  and  my  friend  Mr.  Morgan  of  the 
Lodge  Farm,  who  will  give  his  rye-grass  as  much  as  10,000  to 
15,000  tons  of  sewage  per  acre  per  animm,  and  whose  experience 
entitles  his  opinion  to  great  weight,  goes  so  far  as  to  say  that 
the  wider  the  slope,  even  on  a  free  soil,  and  the  more  sewage  con- 
snmed  to  get  the  liquid  to  How  from  the  tup  of  the  slope  to  the 
bottom,  the  better.  At  the  Lodge  Form  the  Rradionts  fi'om  ridge 
to  furrow  vary  from  the  steepest  I  have  mentioned  to  I  in  120. 
Having  been  closely  connected  with  agriculture  the  greater  part  of 
my  bfe,  I  know  practically  how  necessary  it  is  with  the  quality  of 
labour  at  command  to  leave  as  little  as  possible  to  the  discretion 
of  workmen  in  farming  operations  of  all  kinds.  This  experience 
leads  me  to  the  conclusion  that  although  horae  and  plough  shonld 
always  take  the  place  of  man  and  spado  where  it  can  possibly  be 
done  when  bringing  land  into  shape  for  sewage,  the  general  slopes 
should  be  so  laid  out  that  it  should  be  impossible  for  the  waterman 
either  to  bury  the  liqnid  in  the  way  I  have  spoken  of,  or  to  run  it 
into  the  watercourses,  for  in  nine  cases  out  of  ten  this  abuse  of 
valuable  matter  will  lake  place  if  the  watci'man  has  hia  own  way. 

It  is  difficult  to  lay  down  any  precise  rule  whereby  "  even"  distri- 
bution may  be  effected.  In  every  case  trial  must  be  made  of  the  soil 
nnder  treatment  before  finally  fixing  upon  the  bcstsnriace  gi-adients, 
always  remembering  that  as  a  good  gardener  never  over-waters  his 
planU,  because  he  knows  they  thrive  better  with  just  a  sufficiency  to 
thoroughly  wet  tbem,  so  the  irrigator  should  avoid  snpersaturation 
as  an  evil.  Speaking  theoretically, — if  the  liquid  to  be  utilised 
by  vegetation,  and  the  foul  matters  to  be  removed  by  the  soil,  conld 
be  together  spread  over  a  perfectly  level  surface,  the  most  even 
appropriation  and  absorption  by  plant  and  soil  would  be  gained,  and 
if  properly  rognlatedthe  best  results  would  follow.  Practically,  how- 
ever, we  know  that  the  different  degrees  of  porosity  existing  in  all 
soils  interfere  with  this  arrangement  and  compel  the  adoption  of 
suitable  inclinations  according  to  their  character.  It  cannot  be  too 
well  understood  that  if  wide  slopes  are  formed,  and  the  waterman  is 
directed  to  flood  the  land  with  sewage  so  long  as  it  is  absorbed 
regardless  of  the  quantity  applied,  the  Und  so  treated  becomes  no- 
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thing  better  than  a  biully  made  filtering  bed,  and  such  treatment 
defltrojB  the  prospect  of  sewage  farming  ever  becoming  either  a 
proGtabto  or  a  scientific  operation. 

(3.)  Delioering  ConduiU,  Tanks,  Sluice  Cliamlers,  and  ItUtributing 
Carriers. — Of  these  varioaa  appUancea  it  may  be  Baid  that  when- 
ever their  position  can  be  determined,  and  there  ie  no  doabt  of  their 
continnod  ntility  in  such  poBition,  they  ahoald  bo  regarded  as  per- 
manent works  and  constracted  in  a  enbstantial  manner. 

Delivering  ConduiU.~-ThiB  remark  particularly  applies  to  eonAutt 
intended  to  deliver  the  aewage  from  the  ontfall  sewer  to  the 
different  parta  of  the  farm  at  a  height  to  command  internal  gnr- 
facea.  If  their  purpose  is  simply  to  convey  the  sewage  &om  one 
point  to  another,  and  they  can  paas  andergrouiid,  carefully  jointed 
circular  atonewaro  pipes  will  form  the  beat  conduita.  Those  pipes 
will  themselves  bear  aomo  pressure  when  properly  jointed,  and  where 
connected  with  iron  pipes  to  oroas  streams  and  the  deeper  depres- 
sions of  surface,  may  be  used  with  advantage  and  economy.  I  need 
not  say  that  it  will  bo  easy  to  misplace  these  pipes.  Wheite  the 
land  is  coltivated  with  the  plough  they  should  not  be  leas  than  two 
feet  under  the  surface.  "WTien  delivering  condnite  are  intended  to 
part  with  sewage  and  feed  distribating  carriers  on  their  way  &om. 
one  point  to  another,  they  must  necessarily  follow  the  sni-face  itself. 
They  may  then  be  constructed  of  concrete  shaped  to  any  required 
form,  or  of  bricks  laid  in  cement,  or  of  shaped  stoneware. 

Pigs.  127  and  128  represent  carriers  of  the  last  description — 
mamifactared  by  Doulton  and  Co. 

Tanks. — Before  the  sewage  discharged  by  the  sewers  of  a  district 
can  be  apphed  to  land  in  any  way,  it  is  desirable,  tbongh  it 
may  not  be  absolutely  necessary,  to  separate  the  coarser  partioies  of 
the  BBSpended  materials  from  the  liquid.  (See  Soclioa  XCm.) 
For  this  purpose  some  description  of  straining  is  always  required. 
This  straining  cannot  be  done  without  some  tank  arrangment,  in 
which  to  fix  the  screens  and  strainers,  and  collect  the  materials  as  they 
are  separated  from  the  liqaid.  The  first  strainers — if  there  are  mora 
than  one  set  in  the  tank — consist  of  wrought  or  cast-iron  gratings,  And 
are  found  to  anawer  their  purpose  very  well.  The  spaces  between  the 
rods,  or  the  openinga  in  the  castings,  vary  irom  half  to  three-qnarters 
of  an  inch  in  width.  These  spaces  should  be  arranged  so  as  to  be 
capable  of  being  easily  raked  out  and  freed  of  all  solid  matters  im- 
peding the  passage  of  the  sewage  through  them,  and  the  solid 
matters  aa  they  aocumolato  shonld  be  removed  by  manual  power,  <u 
by  a  mechanical  lift  attached  to  the  engine  if  the  sewage  be  lifted. 
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In  those  cases  where  pnmping  is  resorted  to — aa  at  Bedford  and  Don- 
caster. — the  observation  will  more  particuiarlj  apply.  The  eng^o  then 
raises  from  time  to  time  at  a  small  ezpenditare  of  power,  the  qnanti^ 
of  solid  matter  which  ia  screened  out  of  the  sewage,  and  which  is  re- 
moved rather  to  prevent  the  valves  of  the  pampa  from  being  clogged 
than  from  anyotherobligution.  Where  the  sewage  is  discharged  by 
simple  gravitation  and  is  of  an  ordtnaiy  character  unaffected  by  trade 
I'efuse  and  road  detritus,  the  screening  required  at  the  sewer  mouth 
before  the  sewage  passes  on  to  the  land  by  the  delivering  conduit,  is 
a  very  simple  matter.  It  ia,  in  fact,  hardly  neceHaary  to  speak  of 
tanks  at  alt,  for  the  quantity  of  solid  matter  intercepted  by  the 
strainer  is  comparatively  small.  Screens  made  of  wattles  or  trimmed 
buahes  are  very  eSective. 

Sluice  Chambert. — Where  the  sewage,  after  having  been  delivered 
to  the  highest  point,  ia  intended  to  paas  on  to  land  at  lower  levels, 
underground  pipes  may  still  be  used  with  the  help  of  aiuice  cham- 
bers and  overfalla,  at  the  former  of  which  the  sewage  is  divided 
and  passes  into  the  carriers  for  distribution  through  apertorea 
graded  in  size  by  the  engineer  to  the  area  to  be  watered.  Slnice 
chambers  are  necessary  wherever  the  sewage  has  to  bo  regulated 
for  distribution.  They  are  of  different  forma  and  characters,  and 
should  be  designed  with  special  reference  to  the  extent  of  surface 
to  bo  watered.  Some  stoneware  valve  chambers  with  wooden  sluices 
are  made  and  are  occasionally  found  useful.  (See  Figs.  129  and 
130.)  Metal  valvea  in  stoneware  outlets  and  stops  are  also  made 
by  Doulton  and  Co,     (See  Figs,  131  and  132.) 

The  distribwlinff  earriert  themselves  may  generally  be  formed  in 
the  ground,  following  such  courses  aa  its  configuration  will  dic- 
tate. They  must  be  laid  with  a  suSicieut  fall  to  carry  the  sewaga 
from  end  to  end,  and  this  will  depend  upon  the  nature  of  the  soil 
and  the  dietouce  to  be  reached.  The  work  of  forming  these  earth 
carriers  will  be  done  by  the  waternuui,  though  the  engineer  in  the 
first  instance  will  probably  lay  them  out. 

Figs.  133  and  134  show  half-round  pipes,  which  are  somedmea 
advantageously  adopted,  and  Fig.  135  a  slit  pipe,  which  I  believe  haa 
been  occasionally  used  with  good  eSect. 

By  the  use  of  stops  of  metal  or  wood,  the  sewage  travelling 
along  the  carriers  is  diverted  in  the  direction  desired,  the  skill  of  the 
waterman  being  proved  by  the  evenness  with  wliich  the  sewage  is 
supplied  to  the  slopes  so  as  to  effect  absorption  without  waste.  The 
narrower  the  space  te  be  fed  the  leas  will  be  the  chance  of  waste, 
aa  was  very  Badsfactorily  shown  at  Bretons,  by  Mr.  Hope,  T.C.,  who 
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adopted  slopes  20  feet  wide.  But  against  this  advantage  it  most 
always  be  borne  in  mind  that  with  a  maltiplicity  of  diatribntin^ 
channels  I aboor  is  increased,  and  Bomo  loss  of  land,  though  not  inDoh, 


Modes  of  DUlribuiinff  Sewage. — In  irrigation  there  are  sevenl 
modes  of  dlstribnting  the  sewage  over  the  surfiiee.  We  ban 
becoDie  familiarised  with  three  methods,  which  are  termed — tbe 
catch-n-ater  system,  the  pane  and  gutter  BjBtem,  and  the  bed 
Byrtem. 

(4.)  TkeCalek-Waler  St/elevi. — This  system  is  altnost  sufficiently 
explained  by  its  name,  and  a  glance  only  at  Fig.  I,  Drawing  XVII., 
■will  serve  to  stamp  upon  the  mind  the  right  impression.  It  ooiudstB 
of  a  Bcries  of  distributing  carriers  following  contour  lines  one  nnder 
the  other,  with  jnst  sufficient  foil  to  carry  the  sewage  forward. 
These  carriers  not  only  serve,  with  the  help  of  stops,  to  distribnte  the 
eewage  over  land  immediately  below  them,  but  they  act  as  ffbimtieh 
to  intercept — that  is,  to  "catch" — the  water  which  may  flow  ofTUie 
land  immediately  above.  By  thus  catching  the  overflow,  the  sewage 
may  be  several  times  applied,  and  Mr.  Morton,  one  of  the  liigbast 
and  beat  esteemed  authorities  on  the  subject,  speaks  veay  faTOuraUy 
of  the  system  upon  the  ground  that  what  is  cot  absorbed  by  tfae 
soil  of  the  first  slope  flows  on  to  the  second,  and  thence  on  to  tfie 
third  and  fourth  aa  the  case  may  be,  until  it  entirely  disappeera.  I 
do  not  regard  this  mode  of  application  with  the  same  amoant  of 
favour,  though  with  undulating  surfaces  it  is  often  the  best  if  not 
the  only  means  that  can  be  adopted.  Jiy  objection  coueiets  in  the 
fact  that  the  sewage  to  be  applied  to  any  given  spaoo  oatuiot  be 
economically  regnlatcd,  and  that  the  quantity  and  strength  of  the 
sewage  passing  off  as  the  tail  water  of  one  slope  to  become  the  head 
water  of  another  mnst  depend  upon  several  conditions  over  which 
the  irrigator  has  no  control.  It  will  often  be  found  that  the  whole 
of  the  sewage  is  not  absorbed  even  in  free  soils,  but  a  portion  finds 
its  way  from  the  surface  of  the  lowest  terrace  into  the  receiving 
outfall  stroam.  The  catch-water  system  of  distribution  is  much 
better  suited  to  Italian  rye-grass  than  to  any  other  crop,  inaamoch 
aa  when  grass  roots  cover  the  snriace  to  give  it  a  matted  condition, 
the  sewage  can  pass  over  it  with  less  disturbance  of  the  soil.  With 
the  stifler  descriptions  of  land,  however,  the  sewage  will  pass  from 
one  surface  to  another  without  being  absorbed,  especially  in  w«t 
weather,  and  will  ultimately  get  into  the  entfall  stream,  let  the 
waterman  do  what  he  may. 

(5.)   TfiePaMcmd  &i(f((r  iSyKem.— The  system  of  distribiitMB 
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called  the  pane  Emd  gnUer  airaDgement  is  simply  a.  wide  bed,  with 
hot  comparativelj  little  fall,  fed  by  sewage  from  the  head  of  the 
elope  by  gutters  traveraiug  its  face  in  such  a  maimer  as  to  allow  of 
even  distributiou.  These  gattore,  formed  in  the  ground  by  the  water- 
man, aro  Bometimea  laid  out  on  the  catoh-wat«r  principle,  whereby 
the  sewage  is  distributed  on  one  aide  only,  and  sometimes  by  conrsea 
following  ridges,  the  sewage  being  distributed  on  botii  sides.  This  sys- 
tem allows  of  a  considerable  amount  of  waste,  and  where  the  panes 
or  beds  are  large,  with  an  nnevea  surface,  sludge  is  collected  and 
poob  of  sewage  are  formed  which  operate  very  disadvantageoualy, 
the  farmer  being  tempted  by  the  ready  absorption  of  the  sewage  to 
"  get  rid"  of  mach  more  than  satisfies  vegetation  at  the  risk  of  im- 
purity of  effluent  and  the  creation  of  a,  nuisance.  It  ia  npoD  theae 
beds  that  the  large  qnantitiea  of  sewage  I  have  spoken  of — IS.OOO 
to  20,000  tons — are  swallowed  up,  and  aa  long  as  there  is  no  special 
provision  of  filtration  areas  to  be  used  intermittently  aa  a  means  of 
disposing  of  any  excess  of  liquid,  the  practice  may  bo  tolerated, 
though  the  effect  will  be  to  prevent  any  profit  being  made. 

(6,)  The  Bed  Si/sttin. — The  bed  system  consists  of  lands  laid  ontia 
the  ridge  and  furrow  form  in  parallel  lines  (see  Fig.  2,  Drawing 
AViI.)  of  greater  or  less  length.  The  setvage  is  distributed  over 
each  land  by  a  carrier  or  gutter  running  along  the  ridge  and  SO 
shaped  that  with  the  aid  of  stops  the  sewage  shall  flow  out  of  it 
evenly  in  a  quantity  sufficient  to  cover  each  side-slope.  Theae  lauds 
aro  formed  in  two  ploughings  by  throwing  up  the  "  rown"  to  the 
height  required  to  give  the  neoessaiy  fall  irom  ridge  to  fun-ow  and 
following  with  the  harrow  or  rake  to  gain  a  regular  sorliice  for  the 
sewage  to  flow  over.  The  stops  are  placed  directly  across  the  ridge- 
carrier,  and  the  exact  quantity  the  waterman  should  aim  at  giving 
to  each  side  slope  is  just  that  which  it  will  absorb  when  passing 
from  the  riJge  to  the  furrow.  When  this  watering  is  efiected 
without  much  waste  by  supcrsaturation  of  the  higher  part,  it 
may  be  said  to  bo  effected  as  economically  na  possible.  The  over- 
all width  froni  fiirrow  to  furrow,  and  the  height  of  the  ridge 
above  the  furrows,  ia  regulated,  aa  already  stated,  by  the  degree  of 
porosity  that  the  aoil  possesaes.  The  width  may  vary  from  30  to 
150  feet,  and  the  inclination  of  the  surface  slope  from  1  in  25  to 
1  in  150.  The  inclination  given  to  the  carrier,  like  that  given  to  the 
side  slopes,  will  also  depend  npon  the  degree  of  the  porosity  of 
the  soil. 

The  experience  I  liavo  gained  in  intermittent  filtration  leads  me 
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to  believe  that  where  in  irrigation  the  ohject  is  to  secure  an  ereo 
distribntion  withoat  waste  of  the  valuable  liqaid,  Uie  aewagv 
Ghoald  not  pass  over  the  sorface  bnt  should  be  ran  down  fbrrowa 
between  narrow  ridges  formed  by  hand,  or  with  the  donble  mould- 
board  plongb  i — like  ridgea  formed  when  potatoes  are  well  ridged 
np  or  when  land  ia  laid  ap  into  high  "bouts"  for  the  winter's 
weathering.  Crops  are  grown  on  the  ridges  without  any  loss  of  land, 
as  the  furrows  occnpy  only  that  space  which  ia  necessary  to  divide 
the  rows  of  plants  if  a  targe  yield  ia  aimed  at  (see  Figs.  3  and  A, 
Drawing  XVII.).  When  the  crops  are  removed  the  narrower  rid^ee 
ore  split  with  the  doable  mooJd-board  plough  and  the  whole  field 
laid  flat  again,  fit  for  the  growth  of  cereal  crops  without  liquid 
sewage.  The  suspended  matters  which  have  been  deposited  in  the 
farrows  are  thus  covered  over  with  soil  and  form  a  very  good  dress- 
ing in  itself  for  either  wheat,  oats,  or  pnlse^  This  arrangement  of 
narrow  ndges  is  of  course  inapplicable  to  grass  crops,  btit  it  is 
especially  suited  for  roots  and  vegetables,  as  it  allows  the  sludge  of 
sewage  to  deposit  itself  with  regularity  in  the  farrows  while  the 
liquid  sewage  is  occupying  them,  and  this  ia  done  without  either 
sludge  or  liquid  tonching  the  plants  growing  on  the  ridges.  A  per- 
fect mixture  of  the  sludge  with  the  soil  is  obtained,  which,  as 
before  explained,  conduces  to  the  improved  filtering  capabilities  of 
the  soil.  In  the  "  irrigation"  carried  out  on  the  plains  of  Oenue- 
villiers  with  the  liquid  sewage  of  Paris,  this  principle  of  ammge- 
ment  is  adopted  in  a  successful  manner.  In  a  report  addressed 
to  the  Minister  of  Foblic  Works  the  method  adopted  is  thus  de- 
scribed : 

"  La  repartition  snr  le  sol  se  pratique  k  I'aide  de  raies  s^pardee 
par  dea  billons  pins  ou  moins  larges  ;  ces  raies  se  tracont :  en  pt^ 
champ,  k  la  charme ;  dans  les  parcelles  pass^cs  a  I'ctat  de  jardin,  k 
la  beche  et  au  cordeau. 

"  Les  plantes  pouesent  sur  les  billons  :  lenra  radicoUes  senles  vont 
chcrcher  I'bamidite  et  I'engrais  an  voisinage  dea  rigoles;  les  parties 
vertes  des  plautes  no  sont  jamais  touch^os  par  I'ean  d'dgout.  En 
automne  et  en  hiver,  il  est  qaelqnefois  precede  a  de  vrais  colmatagu 
par  sabmersions  particlles  des  pieces  a  fomer,  nutis  le  pins  sonvent 
I'engiaissement  dn  sol  d^ponrvn  de  vegetation  se  iait  ^galement  par 
rigoles  et  imbihition.  Les  qnantites  d'eau  d'egout  absorb^es  paries 
tormins  do  la  plaine  de  Genneviiliers  se  sont  elev^es  depais  186d  k 
pins  de  18  millions  de  metres  cubes,  savoir: 
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CI,— Intermittent  Downwaed  FiLTBiTiON.  This  process,  to  which 
reference  has  already  been  freqnently  made  (Section  LV.),  was  sug- 
gested by  Dr,  Frankland  in  the  first  report  of  the  Rivers  Foliation 
CoraniiBsioa  (18li8) — of  which  commission  be  was  a  member — dated 
the  18th  Febmary,  1870.  In  that  report  it  is  said  that  with  a  Boit- 
ably  constituted  soil,  well  and  deeply  drained,  nothing  more  would 
n  to  level  the  surface  and  divide  it  into  four  equal 
plots,  each  of  which  in  succession  should  receive  the  sewage  for  six 
hottrs.  "In  this  way,"  the  Commissioners  state,  "the  sewage  of  a 
water-closet  town  of  10,000  inhabitants  coald  at  a  moderate  eetimate 
bo  cleansed  upon  five  acres  of  land  if  the  latter  were  well  drained  (o 
a  depthof  six  feet."  "  Such  a  filter  is  not  n  mere  mechanical  contriv- 
ance :  it  is  a  machine  for  oxidising,  and  thus  altogether  transform- 
ing, as  well  as  for  merely  separating,  the  filth  of  dirty  water.  A 
field  of  porous  soil  irrigated  intermittently  virtually  performs  an  act 
of  respiration,  copying  on  an  enormous  scale  the  lung  action  of  a 
breathing  animal,  for  it  is  alternately  receivingand  expiring  air,  and 
thus  dealing  as  an  oxidising  agent  with  the  filthy  flaid  which  is 
trickling  through  it.  To  this  chemical  property  must  be  added 
another  cleansing  agency — the  actual  aptitude  for  certain  dissolved 
impurities  iu  filthy  water,  which  soil  owes  both  to  general  surface 
attraction  and  to  the  chemical  affinitiea  which  some  of  its  ingredienta 
possess."  "A  sufficient  extent  and  depth  of  porous  soil,  having 
periodical  intervals  of  rest  during  which  the  soil  drains  itself  and 
becomes  refilled  with  air,  certainly  mnst  be  the  best  possible  strainer, 
oxidiser,  and  filtcrer  of  water  containing  nauseous  organic  impuritiea, 
both  suspended  and  dissolved."  The  Commtasiouera  had  by  soudir 
experiments  found  that  a  cubic  yard  of  aerated  soil  would  satis* 
factorily  cleanse,  np  to  the  standard  of  purity  they  had  proposed 
for  water  admitted  into  running  streams,  from  ij  to  10  gallona  of 
sewage  each  24  hours  according  to  the  character  of  its  constitnente  j 
and  they  stated  that  even  when  the  rate  of  filtration  amounted  to 
12'4  gftlloDs  per  cubic  yard  in  24  honrs,  the  sewage  was  greatly 
ameliorated,  though  not  quite  satisfactorily  cleansed. 

While  propounding  these  views,  however,  the  Commissioners 
thought  it  their  duty  to  warn  the  public  in  emphatic  terms,  that  there 
were  "  three  formidable  objection*"  to  the  general  adoption  of  this 
process :  "  (1)  it  was  entirely  unromunerative ;  (2)  the  whole  of  the 
manure  ingredients  of  the  sewage  would  he  absolutely  wasted ;  and 
(3)  the  collection  of  solid  ftecal  matters  upon  the  surface  of  the  soil, 
with  DO  vegetation  to  make  use  of  them,  would  probably  give  rise 
to  a  formidable  nuisance,  especially  in  hot  weather;"  and  these 
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words  woro  regarded  by  many  persona  to  amount  practioallj  to  a 
condemnation  of  tbo  proceaa. 

I  very  sliortly  aftor  the  issue  of  thia  report,  namely,  in 
Jane,  1870,  that  I  wasappointcd  by  the  Lords  Justices  of  Appeal  in 
Chanceiy  to  devise  a  means  of  preventing,  temporarily,  the  pollution 
of  the  River  TaflFby  the  sewage  of  the  district  of  Merthyr  Tydfil,  and 
aa  the  example  there  affoi'ded  has  had  some  in6ueuce  upon  tlie  bi 
age  question  throughout  the  country,  I  shall  be  pardoned  if  I  explain 
how  I  camo  to  risk  my  own  reputation  by  adopting,  the  suggestion 
of  Dr.  Franklaud  in  spil«  of  the  objections  he  himself  had  raised  to 
it,  A  long  and  active  employment  in  land-drainngo  works  in  ditFereot 
geological  formations  had  led  mo  to  obaerve,  not  only  the  vapidity 
with  which  water  would  pa.ss  through  an  aerated  soil  however 
closely  consolidated,  and  the  extraordinary  clearncsa  which  distin- 
guiahed  the  water  issuing  from  underdraina  when  deeply  laid  in 
such  soils,  but  that  the  proportion  of  the  space  occupied  by  air  or 
water  in  all  soils,  however  they  may  vary  in  their  constitueuts,  was 
very  much  more  than  was  geoorally  suppoaod.  It  had  further 
satisfied  me  that  vegetation  would  grow  on  any  soil  however  wet  at 
one  time,  if  by  underdrainage  the  wat£r  was  made  to  give  place  to 
air  with  fi-eodora.  From  these  observations  I  conoladed  first,  that 
Dr.  Frank  land's  vie  wa  as  to  the  cleansing  powers  of  aoil  wore  correct, 
second,  that  the  ahaorhent  powers  of  aerated  aoila  were  immense, 
and,  last,  that  bis  anticipations  in  the  ahape  of  the  drawbacks  he 
specified  were  to  be  overcome.  I  did  not  therefore  hesitat*  to  recom- 
mend to  the  Lords  Justices  of  Appeal  the  adoption  of  intermittent 
filtration  through  natnral  soil  as  a  means  of  purifying  the  acwage  of 
Merthyr  Tydfil,  modified  in  a  manner  I  will  explaiu  to  prevent  the 
"  three  formidable  objections''  which  Dr.  Franklaud  had  anticipated. 
It  has  been  already  stated  that  the  Rivers  Pollution  Conunis- 
sioners,  upon  the  strength  of  their  laboratory  experiments,  had 
laid  it  down  that  the  sewage  of  3300  people  might  be  cleansed  ap  to 
the  standard  suggested  by  themselves  by  filtering  intonmttently 
through  an  acre  of  suitable  soil.  To  remove  all  doubt  as  to  per- 
manency of  effect,  and  to  secnre  the  growth  of  crops  on  the 
surface,  I  suggested  (see  Section  LV.),  first,  that  instead  of  having 
only  one  area  to  be  in  constant  use,  three  areas  of  equal  extent 
should  bo  provided,  each  capable  of  cleansing  the  whole  of  the  sew- 
age daily ;  second,  that  these  areas  should  be  laid  up  in  ridges  and 
fnrrows  and  naed  for  the  purification  of  the  sewage  by  mnning  it 
into  the  fnrrows  for  ono  year  only  at  a  time,  so  that  each  of  the 
three  areas  in  its  turn  should  be  free  fVom  sewage  {except  on  occa- 
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eions  of  excessiTB  rainfall,  Ac.)  for  two  years  in  Bncces^on  and  be 
devoted  to  foil  plant  growtli;  third,  that  on  the  area  in  use  crops 
of  vegetables  of  a  BUcculent  character  ahon!  J  bo  grown  on  the  ridg«s 
BO  elevated  above  the  intervening  furrows  that  the  plants  shoold 
stand  well  above  any  sewage  occupying  the  fnrrows;  and  fourth, 
that  the  area  in  nse  shonld  be  sabdivided  in  accordance  with  Dr. 
Prankland's  recommendation,  bo  that  one-third  or  one-fonrlh  of  the 
sewage  should  be  applied  for  a  fixed  period  every  day  to  each  sub- 
division. Thna  it  was  intended  that  there  should  not  only  be  an 
interim  of  two  years  out  of  three,  but  an  iiitermitt«ncy  of  applica- 
tion each  day.  This  would  result  in  making  one  acre  cleanse  tbo 
Bewage  of  1,100 — or  as  I  have  said,  in  round  figures,  1,000 — 
persons,  on  an  average  of  three  years,  though  for  the  single  year 
in  which  it  was  used  it  would  do  the  full  work  or  duty  expected  by 
Dr.  Frankland,  relieved  only  at  extraordinary  wet  times,  when 
some  of  the  sewage  would  be  applied  to  the  two  other  areas.  It  was 
this  modification  of  Dr.  Frankland's  suggestion  that  I  proposed 
to  the  Lords  Justices  of  Appeal,  and  which  being  sanctioned  by  tbem 
was  adopted  at  Merthyr  Tydfil.  It  ia  this  modification,  too,  which 
is  now  generally  accepted  by  sanitary  engineers  as  "  intermittent 
downward  filtration"  wherever  the  principles  enunciated  by  Dr. 
Frankland  have  been  practically  recognised. 

It  should  here  be  observed  that  intermittent  downward  filtration 
can  hardly  be  said  to  mean  the  application  of  any  determined  or 
fixed  quantity  of  sewage  to  a  certain  area  of  land,  inasmuch  as  there 
must  always  be  a  considerable  variation  in  the  character  of  the  soil, 
the  depth  of  the  underdrainago  attainable,  and  other  conditions.  It 
should  therefore  be  nnderstood  that  when  Dr.  Frankland  speaks  of 
the  application  of  the  sewage  of  8,300  persons  to  an  acre  as  the  pro- 
portion resalting  from  his  laboratory  experiments,  and  I  refer  to  the 
limit  of  1,000  persons  to  an  acre,  it  is  considered  that  the  land  will 
be  suitable,  that  it  will  generally  he  aerated  by  undcrdrainage  quite 
two  yards  deep,  and  that  the  sewage  will  be  applied  in  precise  qnan- 
tities  intermittently. 

Let  me  remind  you  of  the  difference  between  surface  irrigation 
and  intermittent  downward  filtration.  With  the  general  admission 
now  made  that  underdraitiage  is  essential  wherever  sewage  is  ap- 
plied to  the  surface  of  land,  "  wide  irrigation  "  means  the  distribn- 
tion  of  sewage  over  as  many  acres  as  it  will  wet  without  super- 
Baturation,  having  in  view  a  maximum  growth  of  vegetation  from 
the  amount  of  sewage  applied ;  any  departure  from  this,  resulting  in 
excessive  apphcation,  being  a  waste  of  fertilising  matter  which  is 
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inconsiBteiit  with  economical  rarmiog.  Ictcrmtttenl:  downward  fil- 
teation  18  the  concentration  of  sewage  at  short  intervals,  on  as  few 
acres  of  land  as  will  absorb  and  cleaaau  it,  without  excluding  the  pro- 
dnction  of  vegetation  at  the  eame  time. 

In  the  absence  of  a  proper  provision  for  intermittencij  of  applica- 
tion, filtration  soon  loses  its  precise  character  and  is  attended  [)y 
results  as  unsatisfactory  as  the  present  atilisation  of  sewage  by 
iixigation  on  the  broad  scale. 

(1,)  Suitable  and  Uiuvitable  Soilt.— Upon  this  point  it  wonld  be 
,  desirable,  if  possible,  to  speak  in  positive  terms ;  but  the  experience 
gained  of  a  process  so  recently  bronght  into  practice  is  necessarily 
limited,  and  it  would  be  rash  to  declare  decisively  what  soils  perform 
thednty  of  purification  with  the  bestaud  moatlasticgefl'ect,  and  what 
soils  are  altogether  nnsaitable.  There  is  no  doubt  that  the  most  perfect 
cleansing  of  sewage  is  effected  by  the  use  of  evenly  comminuted 
soils,  consisting  of  a  large  proportion  of  fine  gravel  and  sand,  with 
a  much  less  proportion  of  clay, — but  percolation  may  be  too  slow 
as  well  as  too  rapid.  The  freer  the  soil  the  more  rapidly  is  the 
sewnge  absorbed,  and  the  more  readily  it  filters  through  it  to  the 
drains,  and  it  may  be  expedient  to  take  land  of  this  character  rather 
than  that  of  the  denser  kinds,  even  if  the  pnriScation  be  less  per* 
feet.  As  we  gain  erperience,  however,  the  most  open  (coarse)  soils 
will  give  way  to  the  more  compact  (finer)  soils  in  filtration  as  in 
irrigation.*  Clay  soils,  for  the  reasons  already  given  in  speaking  of 
surface  irrigation,  are  to  be  avoided,  for  it  is  found  that  even  after 
the  most  careful  onderdrainoge,  clays  are  liable  to  crack  with  a  dry 
atmosphere  and  to  swell  with  a  wet  one  and  to  allow  of  the  passage  of 
liqnid  sewage  from  the  surface  down  to  the  drains.  If,  therefore, 
it  is  absolately  necessary  to  have  recourse  to  clays  they  should  bo 
deeply  subsoil -ploughed  or  hand-trenched — sometimes  to  a  depth  of 
two  or  three  feet — and,  if  very  dense,  they  should  be  mixed,  as  already 
pointed  out,   with  burnt  earth,  cinder-ashes,  chalk,  sand,  or  any 
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other  ameliorating  Bubstanoee.  This  work  U  necessarily  ^ 
penBive,  and,  on  that  groiiad,  clays  ahonld  in  no  case  be  naoAi 
to  where  aoils  of  a  freer  degcription  can  be  obtained,  for  it  mi 
be  often  observed  that  as  soon  as  a  sanitary  anthority  b  led 
believe  that  too  much  money  is  being  espended,  tbe  treatment 
made  less  effective,  and  the  beat  intentions  are  frustrated. 

(2.)  Vndei-drainage. — Leaving  out  of  consideration  the  adapt 
tion  of  clays  to  tbo  process  of  intermittent  filtration,  the  nude 
drainage  of  saitable  Roils,  though  an  operation  rcqniring  extren 
care  in  eiecntion,  ia  one  that  may  be  readily  desciibed. 

The  drains  to  keep  down  the  level  of  subsoil  nster  in 
free  soil  should  bo  deep  and  few.  It  is  desirable  to  have  aa  gre 
a  depth  of  filtering  material  between  Enrlace  and  drains  as  poasibi 
because  the  greater  the  depth  the  more  perfect  the  effect  and  tl 
fewer  may  be  the  drains.  On  referring  to  the  filtration  areas  adoptc 
at  Kendal  (see  Drawing  X  VTII.)  the  engineer  will  see  how  the  seror 
plots  into  which  the  areas  were  divided  were  laid  out.  These  plo: 
are  divided  by  slight  banks  which  prevent  any  overflow  of  oewag 
from  one  plot  to  another,  and  servo  as  bairow-patbs  for  the  n 
moval  of  the  produce.  Under  each  of  these  banks  there  is  a  draii 
and  aa  the  object  of  the  banks  is  to  prevent  overflow,  so  they  a< 
also  as  bars  to  the  passage  of  sewage  over  the  draina.  In  fi^e  soE 
it  is  seldom  necessary  to  muhiply  tho  drains  beyond  the  nnmbc 
adopted  at  Kendal.    In  many  cases  a  mocb  less  number  will  suffice. 

It  is  desirable,  where  it  can  be  arranged,  to  have  the  drain 
sufficiently  deep  to  aflbrd  efl^ective  aeration  to  a  depth  of  six  feel 
and  I  am.  of  opinion  that  to  secure  this  the  drains  should  be  some 
what  deeper — say  a  foot  if  possible.  Then  under  every  square  jan 
of  snrfaco  there  will  exist  two  cubic  yards  of  aerated  filtering  ma 
torial,  giving  9680  cubic  yards  per  acre— say,  10,000  yards.  Thi 
arrangement  secures  the  best  result ;  and  at  the  same  time  it  fiicilitata 
calculation,  every  cubic  yard  having  a  cleansing  power  varying  fron 
4  to  I2'4  gaUoDS  of  sewage  per  diem.  Hence  it  follows  that  a  singli 
acre  drained  eo  as  to  give  six  feet  of  aerated  soil  above  the  water  o 
attraction,  will  purify  "  sewage-p roper"  in  qaantitiee  varying  from  i 
minimum  of  40,000  gallons  np  to  a  maximum  of  124,000  gallons. 

It  need  hardly  be  pointed  out,  that  in  those  cases  where  tho  depti 
of  drainage  is  perforce  of  phyaical  circomstanccs  reduced  to  leas  tttai 
six  feet,  which  I  have  taken  as  a  standard  depth,  tho  anperficial  exten 
must  be  increased  in  proportion  as  tho  depth  of  underdraina^  i 
diminished,  in  order  to  aeoure  the  necessary  quantity  of  filterinj 
material  for  purificatioa. 
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upright  veiitilatiiig  Bbaft  is  placed  at  the  junction  of  drains.  The 
shafts  consist  of  pipes  plac«d  on  end  coming  np  to  the  Enr&ae, 
npon  the  top  of  Trbich  a  grated  corering  is  placed,  in  order  tint  the 
air  in  dry  times  may  enter  and  circniate  through  the  nnder-dnuna. 
After  a  continuance  of  wet  weather  the  "  water  of  preamro"  from 
higher  gronnd  will  find  its  n^y  into  the  areas,  and  the  sabaoO  « 
will  rise  abore  the  drains.  The  iratoh-holes  tell  tho  heiglit  of  this 
rising  subsoil  water,  which  while  reducing  the  aemted  earth  space 
compenBafes  for  the  loss  by  increased  dilation  of  the  sewage  cAnent. 

(3.)  Surface  Preparation  and  Formation. — To  enable  the  aaH  to 
absorb  and  filter  the  sewage  digtribat«d  over  its  sur&oe  in  the  ii 
of  time  within  which  it  is  expected  to  do  its  work,  it  is  i 
to  "rongh  level"  the  surface  and  break  np  by  digging  and  ti 
all  land  which  in  its  natnral  stale  would  not  absorb  the  sewage  with 
sufficient  rapidity.  Sometimes  this  work  is  best  done  with  a  plough. 
Generally  hand  labour  will  be  fonnd  necessary,  the  depth  of  the 
trenching  being  governed  by  the  natural  density  of  the  soil. 

It  is  essential  to  continned  pari£cation  that  the  sewage  ahoald  be 
applied  to  each  plot  in  an  even  manner.  The  width  between  fnmnr 
and  fiirrow  necessary  to  eSect  r^ular  absorption  will  jvrj  irhfa 
different  soils — those  ridges  that  will  maintain  their  batter  when  the 
sewage  is  passing  down  under  different  conditions  of  the  atmosphei^ 
being  narrower  than  those  which  give  nay.  1  bave  mftde  aome 
ridges  jast  wide  enoogh  for  one  row  of  cabbages  or  root«,  otbras  Ibr 
two  (aeo  Drawing  XVTI.,  Figs.  3  and  4),  and  others  again  for  three 
rows,  and  hare  always  fonnd  before  the  season  of  growth  haa  pmieed, 
that  the  leaves  of  the  plants  tonched  each  other,  and  covered  the 
fnrrows  completely,  with  the  eight  or  nino  inches  depth  of  sewage 
they  periodically  contained.  I  mention  this  in  snpport  of  the  stAte- 
ment  already  made,  that  the  existence  of  furrows  does  not  necessarily 
involve  a  loss  of  land  nor  a  reduced  prodaction  of  vegetation.  So 
far  from  the  sewage  being  in  too  great  a  qnantity  to  allow  of  the 
growth  of  suitable  vegetation,  it  has  been  positively  demoosfimted  I 
that  very  heavy  crops  of  both  roots  and  cabbages  have  been  pro-  | 
dnced  in  spite  of  the  lai^  dosea  applied,  which  at  Metthyr,  1872, 
reeiised  upwards  of  40/.  an  acre*  By  referring  to  the  Tabl^  "  show- 
ing the  money  results  of  applying  sewage  to  land"  {in  Section 
XCn.),  it  will  be  seen  that  the  excess  of  erop-retum  over  ta^tniitim 
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is  greater  in  the  case  of  intermittent  filtration  than  in  aarface  irri- 
gation, where  each  occnpj  their  proper  limits  of  extent,  and  I  am 
quite  prepared  to  find  that  there  is  generally  a  greater  "  acreage" 
return  from  that  moile  of  treatment,  if  carefully  arranged,  than 
from  surface  irrigation  in  proportionate  ureas.  I  shall  not  be  onr- 
prised  to  find  that  three  filtration  tireas  of  10  acres  each,  making  30 
acres,  laid  oat  to  cleaiiso  one  million  gallons  of  sewage  daily,  will  yield 
a  greater  money  returuper  aere  than  300  acres  of  land  forming  an 
irrigation  farm  to  cleanse  the  same  quantity  of  sewage. 

It  is  unneccBsary  to  point  oat  that  the  more  level  the  land  selected 
for  the  pttrpoao  the  better  it  ia  suited  for  downwnrd  filtration.  Not 
only  is  money  aared  in  formation,  but  the  distribution  of  the  sewage 
is  kept  under  better  control.  If  the  land  has  considerable  slope  tt 
may  still  be  requisite  to  lay  it  out  in  farrows,  though  the  bods  will 
then  take  the  form  of  terraces  at  various  levels.  I  should  not  despair 
of  constmcting  a  catch-water  filter  on  ground  of  a  very  porous 
nature  with  a  sharp  inclination  of  sui'face. 

{^.)  Delivering  ConduiU,  Tanks,  Sluice  Chambert,  and  ItUtributing 
Carrier*. — Having  described  at  some  length  these  several  objecto 
when  speaking  of  wide  irrigation,  I  hardly  think  it  necessary  to  say 
much  more  witli  regard  to  them  here.  The  same  remarks  apply 
to  the  distributing  worka  used  for  filtration  as  to  those  used  for 
irrigation.  As,  however,  the  object  of  intermittent  downward  fil- 
tration ia  the  cleansing  of  sewage  by  its  ecea  distribution  and  uni- 
form absorption  and  infiltration,  it  is  essentially  the  work  of  an 
engineer.  I  wonld  refer  yon  to  the  conduits  and  chambers  used  at 
Kendal,  which  are  shown  in  Drawing  XIX.  as  some  proof  of  this. 
The  practice  I  have  spoken  of  as  prevailing  in  wide  irrigation,  of 
punning  sewage  into  the  lowest  places  or  wherever  it  will  travel  iu 
the  absence  of  the  waterman,  is  opposed  to  purification,  and  though 
dignified  with  the  name  of  "  iuteosified  irrigation"  is  nothing  else 
but  very  bad  farming.  Snch  slipshod  work  is  inconaistont  with 
well-devised  filtration  areas  which  should  absorb  the  liquid  distri- 
buted over  their  surfaces  in  the  precise  quantity  in  which  the 
subsoil  is  intended  to  cleanse  it.  The  delivering  conduits,  and  the 
regulating  chambers  with  which  they  arc  connected,  should  be  most 
carefully  devised  and  execoted  iu  a  substantial  manner  so  that  they 
may  be  kept  in  perfect  order.  The  distributing  carriers  being  fre- 
quently disturbed,  may  for  the  most  part  be  made  io  the  siiHace 
earth — as  in  the  case  of  wide  irrigaliun — though  half-round  pipes 
or  wooden  or  iron  trooghs  may  occasionally  take  their  p!ace  with 
advantage.  As  first  works  those  at  Merthyr  and  Kendal  were  ez- 
pensiTe,  bat  eince  tbe  Eeadal  work  was  executed,  I  have  seen  r 
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with  increased  experience,  fo  adopt  modifioationa  which  ham  reduced 
the  coat  without  leseening  efficacy,  and  I  am  able  to  say  that  the 
actnal  difference  between  the  coat  of  works  for  int«mutteat  fil- 
tTatioa  and  those  for  surface  irrigation  is  not  so  great  as  is  gcne- 
islly  supposed,  and  which  for  some  reason  or  other  has  been  gieatly 
eza^^rated.  I  bave  been  particnlarlj  stmck  with  the  readiness 
with  which  the  cost  of  the  filtration  works  of  Merthyr  and  Eendal 
have  been  published  withont  erplanation  in  official  reports,  Ac., 
as  if  the  object  was  to  depreciate  the  process  and  not  to  put  fbrth 
the  tmth  with  regard  to  the  special  facts  which  made  those  works 
more  costly  than  may  be  found  necessary  hereafler. 

As  to  tanks,  the  same  observatioua  that  were  made  npon  these 
appliances  in  the  last  section  will  apply  here.  In  every  oaae  1 
think  it  desirable  to  act  tentatively  and  not  to  embark  into  costly 
tank  arrangements  nntil  it  is  known  by  actnal  treatment  of  the 
sewage  as  it  is  discharged  from  the  ontfall,  and  by  trial  of  the  soil 
which  is  to  absorb  and  filter  it,  to  what  extent  the  suspended  floo- 
culcnt  matters  will  be  satisfactorily  disposed  of  on  the  land,  and 
what  proportion  of  the  heavier  and  balkier  sobstances  must  be  inter- 
cepted by  Etraining,  screeuingor  deposition,  before  it  reaches  the  land. 

(5.)  Tht  Merthyr  Tydfil  Worki  dticribtd. — It  is  more  with  a  view 
of  showing  how  intermittent  downward  filtration  may  advantageonslj 
take  the  place  of  wide  irrigation  altogether  or  bo  combined  with 
it  to  enable  sanitary  authorities  to  fit  the  disposal  of  their  sewage 
to  the  circnmstanccs  of  their  districts,  that  I  recQr  to  this  case  and 
propose  giving  a  fall  explanation  not  only  of  the  filtration  works 
carried  ont  by  mo  in  obedience  to  the  orders  of  the  Lords  Jus- 
tices of  Appeal,  bat  of  tlio  operations  of  the  Local  Board  with 
respect  to  wide  anrface  irrigation,  to  which  they  were  pledged.  A 
statement  of  the  Facts  cannot  iai!  to  be  interesting  to  nil  persons 
engaged  in  sewage  disposal. 

As  early  as  in  April,  18G9,  Mr.  Ifarpnr,  the  local  snrveyor,  pro- 
poaed,  and  the  Local  Board  approved  and  anbmitted  to  the  central 
authority,  a  scheme  for  ntiliaing  the  sewage  of  the  district  by  irriga- 
tion. The  lands  intended  to  be  taken  consisted  of  abont  375  acres 
of  land  in  the  vaUey  of  the  Tafl;  of  which  one  plot  of  about  7fl  acrea 
is  sitnated  in  free  soil  under  the  bills  at  Troedyrhiew,  within  a 
quarter  of  a  mile  of  the  viilago  of  that  name.  The  remaining  30O 
acres  are  sitnated  outside  the  district,  mnch  lower  down  the 
valley,  and  tho  sewage  is  condocted  to  thia  land  by  an  ontfall 
sewer  from  the  Troedyrhiew  land.  It  was  in  consequence  of  tho 
heavy  character  of  the  irrigation  works,  and  tho  time  that  would  be 
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taken  to  perfect  tliem,  that  proceedings  in  Chancery  were  taken 
by  certain  colliery  proprietors  who  wei-e  affected  by  the  pollntion 
of  the  River  Taff,  and  who  desired  that  the  pollution  shonld  be  pre- 
vented during  the  cons  traction  of  the  works,  and  my  appearanoo  on 
the  scene  with  intermittent  filtration  waa  in  consequence  of  my  being 
appointed  by  the  Lords  Juatices  to  effect  this  interim  remedy. 

The  quantity  of  land  that  I  suggested  for  this  (temporary)  pnrpoae 
was  20HcreB  of  free  soil  (part  of  the  75  acres)  at  Troedyrhiew,  which  I 
divided  into  four  plots  of  about  five  acres  each.  Upon  each  of  these 
plots  it  was  intended  that  a  fourth  part  of  the  day's  sewage  &om  a 
population  of  30,000  persons,*  should  be  distributed  after  it  had  been 
partially  strained  at  the  existing  tanks.  The  whole  of  the  20  acres 
thoa  divided  was  intended  to  be  drained  seven  feet  deep,  but  owing  to 
the  work  being  imperfectly  done  this  depth  was  not  quite  gained,  and 
the  drains  may  have  to  be  relaid.  The  actual  depth  bowevergavetwo 
cubic  yards  of  drained,  but  not  perhaps  perfectly  aerated,  soil  for 
every  square  yard  of  surface.  Thus  every  plot  of  five  acres  contained 
48,400  cubic  yards  of  filtering  material  capable,  as  it  turned  out,  of 
cleansing  the  sewage  at  the  rate  of  10  gallons  poi'  cubic  yard  per 
diem,  or  48^000  gallons  each  area. 

The  tolal  dry  weather  outflow  of  the  aewore  of  Merthyr  raried 
at  that  time  fi'om  a  minimum  of  700,000  gallons  to  upwards  of 
1,000,000  gallons  per  diem.  This  was  increased  in  wet  weather 
to  upwards  of  2,000,000  gallons  per  diem. 

To  convey  the  sewage  from  the  sewers  to  the  20  acres  involved 
the  construction  of  a  delivering  conduit  &om  the  tanks  forming 
the  terminas  of  the  sewers.  It  was  of  considerable  length,  and 
was  of  course  available  for  the  delivery  of  the  sewage  to  the  remaining 
£5  acres  of  land  of  the  Troedyrhiew  plot.  Tbe  making  of  this  conduit, 
the  drainage  of  the  land,  and  the  preparation  of  the  snrface,  took 
some  time  to  perform,  and  it  was  increased  by  the  fact  that  the  work 
was  so  execnted  in  the  first  iastance,  that  I  was  called  upon  by  the 
Lords  Justices  to  take  the  work  under  my  own  supervision  and 
rectify  and  complete  it,  I  need  hardly  say  that  a  long  length  of 
delivering  condnit  for  the  whole  of  the  75  acres  and  the  re-execa- 
tion  of  a  considerable  part  of  the  drainage  and  Icrelling,  increased 
tbe  cost  very  much  beyond  what  it  would  otherwise  have  been.  I 
refer  to  this  because  this  targe  outlay  has  been  quoted  as  a  reason 
why  filtration  should  bo  avoided,  and  it  is  absolutely  necessary, 
in  the  interests  of  sanitary  Bcience,  that  the  facts  should  be  known. 
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I  will  nlso  add,  that  althongli  directing  the  worke  and  reaponaible 
for  their  efficacy,  I  had  nothing  to  do  in  selectiug  the  workmon  op 
materials,  or  in  fixing  the  prices  to  bo  paid.  All  money  nmttera 
were  arranged  by  the  local  aathority,  who  regarded  my  appearance 
as  an  intrusion,  and  were  not  very  anxious  for  my  Gucoess. 

From  the  best  information  I  can  collect,  I  am  led  to  believe  that  tlie 
actual  outlay  on  the  Troedyrhiew  plot.  (75  acres),  was  0,000/.,  inclnd- 
ing  the  delivering  conduit  for  the  whole  area,  the  preparation  of  20 
acres,  and  the  subaeqiiont  laying  ont  of  the  55  acres  for  irrigation,  and 
it  is  quite  certain  that  if  the  filtration  work  had  not  been  subject  to  tlie 
disadvantageB  to  which  I  have  referred,  the  cost  might  havebcenmnch 
less  i*  in  &ct,  the  whole  75  acres  might  have  been  drained  and  laid 
ottt  for  infennitterU  filtration  for  no  greater  sura  than  was  nnfor- 
tQDately  expended  in  the  combined  arrangement.  The  rent  or 
annnal  charge  for  the  75  acres  of  land  at  Troedyrhiew,  I  was  given 
to  understand,  wonld  not  exceed  375/.  to  380/.  a  year.  Now  taking 
C.OOO/,  a3  the  cost  of  preparing  the  75  acres,  and  assuming  that 
that  araonnt  will  be  repaid  in  thirty  years  at  6  per  cent,  the 
total  annual  charge  upon  the  ratepayers  of  Merthyr  if  the  ex- 
pcnditure  had  been  confined  to  the  75  acres  at  Troedyrhiew 
would  have  been  at  this  moment  740/.  a  year,  or  nearly  10/.  elu 
acre.  The  return  of  money  from  the  crops  raised  from  the  whole 
of  the  Troedyrhiew  iarm,  consisting  of  75  acres,  may  bo  certainly 
taken  to  have  reached  20/,  an  acre  at  the  very  least,  owing  to  tho 
demand  for  sewage  produce  being  equal  to  the  area  under  cnlti- 
vatioa.  I  am  thus  particular  in  pointing  ont  these  facts  heoanse 
I  do  not  think  there  is  a  shadow  of  doubt  but  that  the  75  acres 
would  have  been  sufficient,  if  properly  laid  out  for  intermittent  down- 
ward filtration,  to  have  disposed  of  the  sewage  of  the  whole  district  of 
Merthyr  Tydfil  for  the  next  thirty  years.  This  is  not  mere  assertion : 
what  was  done  with  the  20  acres  at  Troedyrhiew  while  used  alone,  and 
what  had  since  been  done  at  Kendal,  relieves  the  matter  of  all  conjec- 
ture. Nor  is  there  any  doubt  but  that  the  yield  of  the  75  acrea 
in  roots,  vegetables,  ond  Italian  rye-grass,  for  which  there  wonld 
have  been  a  safe  and  certain  market  in  the  immediate  nmgbbocr* 
hood,  would  have  been  ample  to  have  secured  at  least  10/.  an  acre, 
or  750L  a  year,  afi«r  payment  of  all  expenditure  on  labour,  seeds, 
&.C.,  and  this  return  would  have  paid  the  rate  chargeable  on  the 
district  to  meet  the  outgoing  of  740/.  a  year.  By  this  course  of  pro- 
ceeding the  ratepayers  of  Merthyr  Tydfil  might  have  been  saved 
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the  rates  tliey  have  now  to  meet,  and  sewago  farming  would  not 
have  another  instance  of  failore  recorded  ngainst  it,  whicli,  in  the 
interests  of  Bgricalture,  is  bo  moch  to  be  regretted. 

To  explain  these  remarks  it  is  neceasaiy  to  state  that  the  tota.1  actual 
ontJay  in  the  purchase  of  laud  (315  acres),  exelusivo  of  the  GO  acres 
of  land  held  ou  lease,  and  in  the  execution  of  works,  has  bccu  nearly 
54,00(1/.,  which,  at  0  per  cent,  to  repay  principal  and  interest, 
involves  a  charge  on  the  ratepayers  of  3,2-tOi.,  amounting  to  C^d. 
in  the  pound  on  the  rateable  value  o£  the  district,  irrespective  of 
the  loss  in  farming  the  larger  area  of  land  which  the  Board  havo 
now  on  their  hands,  and  which  may  increase  the  rates  very  consi- 
derably. 

[The  report  of  Messrs.  Baiviiuson  and  Read  indicates  that 
the  total  return  has  not  reached  8/.  per  acre,  showing  a  loss 
of  760/.  a  year.  I  commend  these  figures  to  the  conaider»- 
tion  of  all  those  who  would  advise  sanitarj  authorities  to 
launch  into  sewage  h,rm.iag  ^n  a  large  scale  in  the  present 
state  of  knowledge  on  the  subject.] 

That  purification  was  gained  by  the  intermittent  filtration  prac- 
tised at  Merthyr  by  20  acres  only,  and  could  have  been  assui'ed  for  a 
permanency  by  the  use  of  the  75  acres,  is  shown  by  the  analyses  of 
several  eminent  chemists — Di'.  Frankland,  Dr.  Russell,  and  Dr. 
Benjamin  Paul. 

The  filtration  works  were  completed  and  the  effluent  discharged 
in  the  autumn  of  1871  (though  a  portion  of  the  area  had  been  in 
use  since  the  spriiig  of  that  year),  when  the  amount  of  organic 
nitrogen  found  in  the  elHueut  water  was  shown  to  be  very  mucb 
less  than  the  amonnt  set  forth  in  the  standard  recommended  by 
the  Rivers  PoUntiou  Commissioners  ('d  of  one  part  in  100,000  parts). 
The  fignrea  given  by  the  chemists  referred  to,  representing  the 
deuiraal  of  one  part  in  100,000  parts,  are  as  follows : 

Dr.  Frankland.     Average  of  sis  samples  taken  from 

the  middle  of  1871  to  the  end  of  1872  .         .         .     -032 
Dr.  Russell's  analyses — 1872.     Average  of  winter 

and  summer 029 

Dr.  B.  Paul's  analysis— 1871  ....      018 

Since  1872  the  filti-ation  areas  have  been  nsed  in  common  with 
the  rest  of  the  land — i.e.,  the  300  acres  at  a  distance — purchased 
by  the  Board,  and  they  unfortunately  no  longer  aiford  any  criterion 
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of  wiiat  may  be  done  bj  ioLermittcut  downward  filtradon  vr^cn 
practised  by  itself  at  Merthjr,  As  they  have,  however,  beon  oon- 
tinned  in  use  from  tbat  tiiiio  to  this,  in  combination  vriUi  sni-fiic^ 
irrigation,  it  is  satisfactory  to  know  fi-om  Mr,  Dyke,  tho  medical 
ofEcor  of  the  district,  that  there  has  nover  been  any  sign  of  closing 
or  over-saturation. 

Mr.  Jones,  the  chairman  of  the  Local  Board  of  Merthyr  Tydfil, 
wrote  me  only  a  few  months  ago  in  the  following  terms : 

"  I  also  desire  to  disabnso  yonr  mind  that  the  Board  contemplates 
the  abandonment  of  the  filtration  areas.     It  contemplates  notlttng  of 
the  kind,  bat  looks  apon  them  aa  being  that  which  cannot  be  dfr<  1 
scribed  better  by  any  other  tciiu  than  the  one  you  use,  muodrt'^l 
'  safety  valve.'     In  fact,  so  satisfied  is  the  Board  with  the  priacipUV 
of  downward  filtration  as  the  pnrlGer  of  a  large  quantity  of  aewa^ 
on  a  small  area,  that  Mr.  Harpnr  has  jast  designed  for  Ibe  disposal 
of  the  sewage  of  a  population  outside  our  main  diajnago,  aooording 
to  that  principle,  and  we  are  seeking  for  powers  under  a  provimona) 
order  to  obtain  land  compnlsorily  for  that  object.     I  n^y  also  add 
that  we  hare  it  in  view  if  the  land  we  shall  have  acquired  bo  foond 
to  be  too  limited  for  wid»  irrigation  to  lay  out  a  set  of  filter  beds 
on  tho  Park  Newydd  Farm,  which  we  have  juat  bought." 

And  Mr.  Dyke  has  declared,  in  a  recent  letter  addressed  to  me,  "  as 
tho  result  of  close  watching,  freqaont  examinations  of  the  areas  and  of 
the  effluent  water,  and  carcfnl  attention  to  the  statistics  of  sicknees 
and  of  death,  that  the  mode  of  disposing  and  utilising  sewage  cai^- 
ried  out  at  Trocdyrhiew,  is  thoroughly  efficient  as  a  means  qC 
pnrifying  Ecwage,  quite  iunocuotis  in  its  operation,  aud  that  t' 
effluent  water  is  nearly  pure ;  the  only  impurity  being  aboat  1 
part  of  nitrite  of  lime  or  of  potass  in  100,000  parts  of  water." 


[The  reader  of  these  remarkw  will  find  it  iateresting 
compare  them  with  those  of  the  Committee  appointed  by 
Sclater-Booth  on  the  same  subject.]     (Sec  Report,  p.  23.) 

(6.)  The  Kendal  Works  ieicribed. — These  works  have  been  executed 
since  the  completion  of  those  of  Merthyr,  i.e.,  in  the  year  I8r3-4. 

The  population  of  the  borough  of  Kendal  was  at  that  tiiiio 
13,500,  and  the  water  supply  400,000  gallons  per  diem.  The 
quantity  of  |sowage  diluted  with  subsoil  water,  irrespective  of  any 
increase  during  rainfall,  amounted  to  a  mean  of  975,000  gallons  per 
diem,  the  maximum  being  1,800,000  gallons  and'  the  minimum 
760,000  gallons.    When  the  inflox  of  sor&ce  water  into  tlie  sewers 
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readies  its  fdllest  amonnt  tho  outflow  ol'  sewago  from  the  town. 
Hometimea  reaches  5,000,000  galloua  daily,  bnt  no  greater  quantity 
than  tho  maxtmam  dry  wi^ather  flow  diluted  with  tubsoU  water  can 
pass  to  the  filtration  areas  owing  to  tho  esisteiice  of  a  storm  over- 
flow  whioh  comes  into  action  an  §oon  as  the  1,800,000  gallons  Eire 
reaobod.  The  eewage  proper  of  the  town  (400,iXK)  gallons  daily) 
before  dilation  with  subsoil  water  was  perhaps  as  filthy  as  that  of 
any  town  in  England,  fur  although  out  of  2727  houses  only  450  had 
WBter-closets,  the  overflow  from  1(500  common  privies  was  dis- 
charged into  the  sewers  in  addition  to  tho  liquid  refuse  of  several 
woollen  and  carpet  manufactories,  tanneries,  paper-mills,  and  marble 
works. 

The  corporation  of  Kendal  before  tho  end  of  18/2  Lad  purchased  tho 
estate  called  Watt's  Pield,  consisting  of  66  acres  of  land,  at  a  cost  of 
16,370^.,  or  about  250/.  an  acre.  Of  this  only  16  acres  were  at  a 
level  to  allow  of  the  sewage  being  distributed  over  them  by  gravita- 
tion. The  remaining  50  acres  are  high  and  nndnlating,  and  being 
close  to  the  town  are  wholly  nnsnited  for  either-  irrigation  or  filtra- 
tion. To  utilise  thetie  50  acres  would  have  involved  pumping,  and 
theroforo  it  was  determined  to  appropriate  the  land  to  other  pur- 
poses (I  believe  it  has  been  contomplatcd  to  resell  it  in  building 
plots),  and  use  for  sewage  purposes  the  IC  acres  alone. 

[These  facts  cannot  be  too  well  understood.  See  Report  of 
tho  Committee  appointed  by  Mr.  Solatcr-Booth,  in  which  the 
cose  is  very  difierently  stated.] 

When  I  was  consulted  in  1873,  I  recommended  that  15  acres 
out  of  tho  16  ahonld  bo  laid  out  for  intenuittont  filtration,  but  the 
council  of  the  borough  having  understood  that  Dr.  Frankland  had 
doolared  that  ono  acre  woold  purify  the  sewage  of  3300  people,  re- 
jected my  advice,  and  acted  upon  Dr.  Fraukland's  view  instead. 
They  determined  to  have  only  five  acres  prepared,  intimating  at  the 
Game  lime  that  if  afterwards  it  was  found  that  (he  i-edncod  area  woa 
insufficient,  tbe  local  surveyor,  Mi-.  Banka,  could  continue  the  work 
of  which  the  five  acres  would  bo  tho  example.  Being  desirous  of 
testing  the  quantity  of  Gewage  that  land  would  absorb,  1  did  not 
hesitate  to  act  upon  these  inetmctiona,  though  I  protested  against 

Tbe  strainingand  depositing  tanks  through  which  the  sewage  passes 
were  in  existence  at  this  time,  and  formed  no  part  of  the  work  exe- 
cuted, which  may  be  shortly  described  in  Uie  following  terms,     (See 
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Drawing  XVIII.)  The  sewage  after  passing  through  the  tanks  is  ( 
TQjed  to  the  areas  by  a  pipe  conduit  21  inches  in  diameter  having 
inclination  of  1  in  1760.  The  areas  were  laid  oat  in  four  plob 
li  acres  each,  and  these  were  snb-divided  into  emaller  plots 
receive  the  sewage  intermittently.  The  sabdivisions  were  efiec 
bj  raised  barrow-paths  (as  already  explained)  l&tended  to  pre? 
the  overflow  of  sewage  from  one  plot  to  another  aod  to  cover  I 
nnder-drains.  Every  drain  is  in  fact  covered  by  road  or  path  standi 
well  above  the  formation  level  so  that  the  sewage  can  never  tm 
over  the  drains.  The  underdrainage  was  effected  at  a  snfficu 
depth  to  secure  aeration  six  feet  below  the  surface.  The  mt 
outfall  drain  consisted  of  glazed  socket  pipes  IS  inches  in  dlamet 
The  drains  branching  from  the  main  drain  are  nine  inches  and  i 
inches. 

At  the  junctions  of  the  several  drains  with  one  another,  vertii 
shafts  consisting  of  pipes  standing  on  end,  one  npon  another,  wi 
iron  grated  covers,  are  prorided.  They  serve  for  inspection  as  Wi 
as  for  aiiration.  The  outlet  of  the  main  drain  into  the  river  ia  abo 
one  f(iot  above  ordinary  water  level. 

The  several  areas  into  which  the  five  acres  are  divided  are  form 
into  ridges  and  furrows,  with  just  sufficient  fall  in  the  latter  to  car 
the  sewage  from  one  end  to  the  other.  The  ridges  are  made 
difibrent  widths,  and  npon  them  grow  one  or  two  rows  of  vegetsbl 
OS  may  be  considered  best.  (See  Drawing  XVII.,  Figs.  S  and  4.) 
As  to  the  precise  quantity  of  land  to  which  the  sewage  dilat 
with  subsoil  water  has  been  applied,  I  will  give  it  in  the  words 
!Ur.  Banks,  who  now  has  tho  areas  under  his  control : 

"  Tho  total  area,  including  paths  and  carriers,  devoted  to  tl 
filtration  beds,  is  5^  acres ;  bat  the  area  to  which  the  sewage 
actually  applied  is  4a.  2k,  25p,,  divided  into  four  ranges  of  b©o 
three  only  of  which,  containing  3a.  2k.  Op.,  being  used  each  twent 
four  hours,  the  sewage  running  eight  hours  on  to  each  in  sncceBaio 
and  the  remaining  fourth  being  used  alternately  with  the  others  as 
reserve,  and  for  change  whilst  working  the  crop." 

Of  the  effluent  water  from  the  undcr-drains  of  tho  titration  area 
Ur.  Banks  states : 

"  Quantity. — In  ordinaiy  weather,  when  the  river  is  at  a  mediu 
level,  the  outflow  from  the  nnder-drains  averages  one-third  of  U 
quantity  of  sewage  delivered  on  the  land,  the  remaining  two-thin 
being  lost  in  the  gravel.  When  the  river  is  very  low,  the  whole  i 
the  sewage  disappears  in  the  gravel  subsoil,  and  no  effluent  mns  oi 
into  the  river. 
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"  Qualiti/. — The  efflnent  water  from  the  areas  ia  perfectly  oolourlesB 
and  aweefc ;  in  fact-,  with  tbe  exception  of  a  sh'ghtly  brackieb  taste,  is 
gooJ,  potable  water,  whioli  I  have  dmnk  raaiiy  a  time." 

The  utmost  quantity  of  dilated  sowage  which  the  Kendal  areas 
were  intended  to  cleanse  was  1,000,000  gallons,  thongh  that  quantity 
was  often  e:tceeded.  The  condaita,  chambers,  and  carriers  wore 
made  capable  of  conveying  to  and  distributing  over  tjio  land  about 
900  gallons  per  minnte,  or  1,296,000  gallons  per  day.  Any  difference 
between  this  quantity  and  tbemaiimum  quantity  of  1,^00,000  gal- 
lons brought  down  to  the  tanks  by  the  outfall  sewer  has  to  find 
its  way  over  the  land  outside  the  areas.  The  main  delivering  con- 
duit waa  intended  not  only  to  serve  the  five  acres  already  laid  out, 
but  to  carry  forwani  the  sewage  to  the  land  on  the  north  sido  to 
which  the  sewage  may  bo  hereafter  applied.  (See  Drawings  XVIII. 
and  XIX.). 

The  sewage  is  distributed  in  the  following  way:  Areas  one,  two, 
and  three  each  take  it  in  turns,  two  of  them  for  sis  hours  each 
during  the  day,  and  tlie  third  for  the  twelve  boura  of  tbe  night,  when 
the  outflow  of  sewage  proper  from  the  town  is  less  in  quantity  and 
more  diluted  in  character.  By  this  means  intermittency  of  applica- 
tion is  secured,  and  the  precise  service  of  each  area  maintained. 
The  fourth  plot  is  held  in  reserve  to  bo  used  when  it  is  desirable  to 
dry  either  of  tbe  other  three  plots  and  to  spread  on  the  ridge  tbe 
solid  matter  that  has  deposited  itself  in  the  furrows.  By  raising 
the  sluice  belonging  to  one  area  and  closing  tboec  of  the  others, 
the  daily  service  is  arranged  with  a  perfect  command  over  the 
sewage  and  tho  several  areas.  The  notch-plates  being  all  at  one 
height  tho  width  regulates  the  proportion  of  sewage  they  admit  to 
the  divisions  to  which  they  severally  belong.  One  plot  containing 
B  certain  number  of  cubic  yards,  for  instance,  has  a  plato  with  a 
notch  width  to  agree  with  its  cnbic  contents,  say,  IG  inches;  and 
this  will  allow  the  required  quantity  of  sewage  to  pass  through  it, 
while  another  area  of  half  tho  number  of  cubic  yards  will  be  served 
by  a  notch  of  a  width  of  8  inches.  Drawing  XIX.  shows  by  sec- 
tions of  conduits  and  carriers  the  arrangements  made  at  Kendal 
for  distributing  the  sewage  over  tbe  filtration  areas. 

The  remarks  1  have  more  than  once  made  on  the  advantages  of 
even  diilribulion  and  uniform  absorption  when  resorting  to  filtration, 
will,  I  trust,  have  impressed  my  readers  with  the  necessity  of 
accuracy  of  design  and  precision  of  esccntion,  and  will  have  rendered 
it  unnecessai'y  to  go  into  the  details  of  costs  in  a  case  which,  being 
only   the  seuond  successfol  application  of  the  process,  conuot  be 


334  TREATMENT  AND  DISPOSAL  OF  SEWAGE. 

qaoted  as  any  criterion  of  future  expenditure.  Intermittent  filtz^ 
Hon,  if  it  had  been  treated  in  the  samo  slipshod  manner  in  whicli 
anrfaoe  irrigation  has  been  practised,  and  by  which  sewage-farming 
has  been  reduced  to  Ciilure,  could  not  have  survived  a  day  id  tho 
face  of  the  prejudice  to  which,  it  has  been  subjected. 

To  bo  successful  either  in  filtration  or  in  irrigation  tlie  same 
amonnt  of  cni'o  must  be  given  by  the  engineer  in  laying  ont  the 
land,  and  by  the  occupier  in  diBtribnting  tho  sewage,  and  tbongfa 
the  preparation  uf  the  ground  in  the  former  case  may  cost  more 
than  in  the  latter,  it  will  bo  found  in  the  result  that  troe  economy 
will  be  better  obtained  by  a  liberal  expenditure  of  money  on  a  mo- 
derate area,  rcgalatcd  by  tho  circumstancea  of  the  case,  than  by  a 
niggardly  treatment  of  a  largo  one.  I  feel  bound  to  docbire  my 
own  opinion  to  be  that  nothing  bos  done  so  much  to  prevent  sncceaa 
in  the  ntilisation  of  sewage  to  laud  as  the  want  of  diacrotion  in 
expenditure. 

[I  must  again  refer  the  readers  of  these  pages  to  the  ropt 
of  Messrs.  Rawliuson  and  Bead,  and  to  tho  remarks  there 
made  on  the  Kendal  work,  contenting  myself  with  guarding^ 
them  against  the  very  remarkable  way  in  which  the  case  is 
treated,  apparently  with  a  view  to  mako  Jt  appear  costly  and 
nnremnnerative.]     (See  also  Section  XCII.  p.  '264). 

(7.)  The  Cleaiuing  of  Trade  Befute. — I  have  already  particnlarly 
referred  to  the  character  of  the  liquid  refnse  discharged  by  difTercnt 
trades  (Section  LXXV.),  and  the  tendency  of  public  opinion  and 
the  Legislature  to  favour  tho  admission  of  it  into  common  sewers. 
The  disposal  and  cleansing  of  tho  discharged  contents  of  sewerv 
when  misod  with  trade  liquors  is  a  point  pressing  very  mnch  upon 
sanitary  authorities  in  certain  districts,  and  must  necessarily  dem 
tho  earnest  attention  of  the  engineer. 

Intermittent  filtration  through  natural  soil,  or  irrigation  overa 
wide  surface  where  a  sufficient  area  can  be  cbtained  for  the  purpose^ 
will  be  fonud  all-safficient  for  the  cleansing  of  many  kinds  of  trade 
liquids,  though  it  may  bo  Dcccssary  to  subject  certain  other  kinds 
to  chemical  treatment  before  they  are  distributed  on  land  in  any 
way.  "  Near  Shepioy,  on  land  below  the  mill  of  Messrs.  Barnt* 
cott  and  Kenyon,  tho  whole  of  the  soapy,  greenish,  greasy  mill 
drainage  is  conducted  by  a  contoar  carrier  along  the  upper  edge  (i 
a  steep  grassy  bank,  down  which  it  is  made  to  trioklo  at  interv^  \ 
means  of  a  roughly-managed  set  of  stops  in  the  earner,  reaotu 
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nt  length  a  flatter  plot  of  graas,  not. more  than  an  aero  or  two 
altogether,  where  it  disappears."  "At  Measrs.  John  Foster  and 
Sons'  mohair  and  alpaca  works,  at  QneeiiBbnry,  near  Halifaic,  the 
liquid  refoBO  which  escapes  is  earned  on  to  land  below  tho  factory, 
and  reaches  the  natural  wat^rconreo  after  the  cleansing  effect  of  irri- 
gation." "  At  Messrs.  Townend's  works  also,  at  Culiingworth,  near 
Biugley,  the  drainage  of  a  largo  mill,  mingling  here  however  with 
that  of  tie  village,  flows  on  to  some  hill-aido  grass  land  and  prodaoes 
a  large  growth  of  grass  before  finding  its  way  into  the  stream.  The 
resnlt  here,  if  not  attribntabJe  wholly  to  tho  fortiliaing  eflect  of  dirty 
wool  washings,  at  any  rate  proves  that  snch  dirty  waters,  with  the 
spent  liqnors  from  dye  works,  may  be  discharged  iulo  ordinary 
hoQBo  sewago  without  injnry  to  its  valno  as  a  manure."  "At 
Guiscley,  near  Leeds,  the  Inga  Mill  (Woollen)  Company  have  at- 
tempted to  cleanse  their  offensive  drainage  water,  first  hy  tho  nse  of 
snecessive  subsidence  tanks  arranged  round  the  factory  ....  and 
then  hy  letting  tho  final  overflow  trickle  roughly  over  eleven  acres 
of  grass  land  before  roachiug  the  waterconrsc."  "  In  nil  these 
cases  the  management  is  of  the  roughest  kind,  and  in  some  in- 
Htances  the  success  was  far  from  perfect,  but  this  ought  not  to 
discourage  tho  attempt  to  apply  the  agi'ieultnral  remedy  wherever 
it  may  bo  available  for  tho  abatement  of  any  nnisanee  arising 
from  mill  dminago."  "  At  tho  Jackroyd  Dyo  Works,  near  Halifax, 
a  system  of  filtration  and  rough  irrigation  has  been  adopted  with 
considerable  success." 

These  extracts  are  taken  from  tho  third  report  of  the  Rivers  Pol- 
lution Commissioners  (1868).  In  their  fourth  report,  the  same 
Commissioners,  speakiog  of  a  series  of  experiments  made  on  the 
cleansing  of  waste  liqnors  from  woollen  works  hy  intermittent 
filtration  through  earth,  say  that  in  that  process  "  the  wooUeu  trade 
has  in  its  hands  a  process  easily  avaiJahle,  except  in  large  towns, 
for  tho  pnrification  of  its  fnuleat  waste  liipiors.  The  analytical 
table"  (given  by  the  Commission  era)  "  shows  that  during  a  trial 
CJttending  over  nenrly  a  year,  it  was  only  on  rare  occasions  that 
the  impnritios  in  tho  efflaent  water  approached  the  limits  sug- 
gested by  us  as  those  beyond  which  liquids  shall  he  deemed  pol- 
luting and  inadmissible  into  streams,"  In  speaking  of  calico  works, 
the  Commissioners  say,  "  in  calico,  as  in  woollen  works,  there  are, 
therefore,  two  systems  for  the  prevention  of  river  pollution  avuil- 
"  able,  the  choice  between  them  depending  upon  the  situation  of  the 
works.  1.  Discliargo  into  town  sowers.  2.  Intermittent  filtration, 
aided,  if  need  be,  by  the  evaporation  of  a  portion  of  the  foul  liquids 
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ill  tbo  ashpits  of  famaces."  "  The  first  of  theee  systems  la 
onaly  available  for  works  located  iu  towns ;  the  second  is  nppUo&ble 
to  those  situated  in  the  country  ;  and  both  are  ontirely  nnfettered 
by  any  patent  rights  whatever."  "As  in  the  woollen  and  oalioo 
industries,  so  in  linen,  jttte,  and  paper  works,  the  first  step  in  tfao 
application  of  a  remedj  for  pollution  ia  the  adoption  of  the  prindple 
of  separation  of  the  most  filthy  licjnids  from  the  general  drains^  of 
the  factory.  For  instonoo,  in  the  bleaching  of  linen  and  jute, 
the  waste  liqnor  of  the  second  boiling  with  alkali  shonld  be  for- 
tified with  fresh  alkali,  and  then  used  for  the  nest  first  boiling. 
It  will  then  probably  repay  the  cost  of  evaporation  to  dryness 
and  extraction  of  the  soda  which  it  contains,  an  operation  which 
is  now  generally  performed  upon  a  similar  wasta  liqaor  prodnced 
in  paper  mills.  The  waste  chloride  of  lime  and  sulphtiric  acid 
liquors  should  be  mixed  together  tuid  submitted  to  intermittent 
filtration.  The  poUotcd  water  in  which  flax  has  been  steeped, 
can  also  be  readily  purified,  like  woollen  and  calico  wasto,  by 
irrigation  or  intermittent  filtration."  Of  linen  and  jnto  bleach 
works,  the  Conunissioncrs  remark  that  they  "  appear  to  be  almost 
invariably  situated  in  the  country,  and  there  caa  therefore  bo  but 
little  di£calty  in  obtaining  the  small  area  of  land  reiiaired  for  the 
purification  of  such  foul  liquids  as  are  not  evaporated  to  dryticsa  for 
the  recovery  of  soda." 

The  CommisBioners  point  ont,  too,  that  which  actual  experience 
has  made  apparent,  that  the  addition  of  town  sewage  to  trade  liqaors 
is  an  advantage  inasmuch  as  the  mixture  of  the  two  makes  them 
more  applicable  to  land  than  trade  liquors  wonld  be  alone. 

I  must  refer  yon  back  to  a  letter  I  read  when  treating  of  the 
mode  of  difipoaing  of  the  sewage  of  private  dwellings,  which  I  waa 
fortunate  enough  to  receive  from  Baron  von  Liebig  jost  before  his 
death  (see  Section  LY.),  for  confirmation  of  the  opinion  of  the  Rirers 
PoUntion  Commissioners,  that  land  can  be  advantageously  used  (far 
the  cleansing  of  trade  liquid  refuse,  In  that  letter  the  Baron  states 
that  for  some  years  past  the  best  ase  has  been  made  of  the  inter- 
mittont  filtration  principle  iu  the  sagar  manufactory  of  Herr  ron 
Rath,  in  Silesia,  adding  that  "  all  the  water  tlmt  had  been  used  in 
the  factory,  and  generally  all  waste  and  foul  Uqiiids,  are  dischai^god 
upon  a  well-drained  piece  of  land  close  at  baud,  and  the  filtered 
effluent  M-attr  is  collected  in  a  well."  He  states,  too,  that  the 
"  water  is  pare  and  clear,  and  is  again  raised  by  a  pump  and  uied  M 
the  factory  ntfreih  viater." 

From  the  experience  gained  at  Kendal,  with  its  factories,  it  but 
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be  asgnmed  with  certainty  that  intermittent  filtration  will  cleanse 
trade  refuee  liquid  mixed  with  the  ordinary  sewage  at  the  rate  of 
at  least  100,000  gallons  to  an  ftcre  of  land  appropriately  prepared, 
while  in  dealing  with  isolated  factories  the  speeial  suitability  of  the 
process  consists  in  the  power  it  affords  of  cleansing  large  qnantities 
of  nsed  Uqnid  without  any  chance  of  nnisanco  and  with  every  pro- 
bability that  the  liquid  will  be  made  fit  for  use  again.  Indeed, 
the  prnotico  of  Herr  von  Rath,  of  concentrating  the  nnderdrainage 
water  fi-om  the  land  to  which  the  fool  liquid  of  bla  factory  had 
been  applied,  and  then  raiaing  it  foi'  re-use,  may  in  many  cases  bo 
very  favourably  adopted  in  this  conntry.  In  tbe  valley  of  the  Calder, 
for  instance,  tbe  soil  of  which  is  extremely  porons,  tbe  land  through 
which  tbe  sewage  would  filter  may  be  drained  into  tanks  or  wella 
from  which  the  effluent  may  be  raised  by  steam  power  for  use  for 
trade  purposes  after  the  foul  and  noxious  matters  have  been  filtered 
out  of  it.  In  toivns  that  have  no  general  trade  to  characterise 
them,  bnt  in  which  there  exists  one  or  more  trades  disohargiDg 
obnoxious  bquid  i-efuse — such,  for  instance,  as  that  discharged  from 
a  tannery  or  a  brewery — it  would  appear  only  just  that  the  indi- 
viduals who  specially  benefit  by  those  trades  should  adopt  a  separate 
mode  of  disposal,  or  contribute  more  largely  to  the  rates  than  the 
rest  of  the  tewnspeople.  If  separate  treatment  be  preferred,  inter- 
mittent filtration  will  be  found  tbe  lea«t  objectionable  and  the  least 
oostly  process  to  adopt. 

(8.)  OeneralRemarkt  with  reference  to  fVorka  in  progreu  in  different 
parte  of  ike  Country  in  tchieh  Intermittent  Downward  Filtration  is 
adopted  whoUy  or  pari iallg, — In  the  face  of  prejudice,  based  on  tho 
Bupposition  that  land  may  bo  readily  supersaturated  by  repeated  ap- 
plications of  liquid  however  well  it  may  be  underdraiued,  and  that 
tbe  pores  of  the  soil  will  become  clogged  with  floccnlent  matter 
whatever  the  ingredients  of  that  matter  may  be  (see  Sections  XCIII. 
and  XCrV.)r  intermittent  downward  filtration  has  made  consider- 
able progress,  and  has  found  advocates  amongst  those  who  at  first 
opposed  it  (see  description  of  tho  Mortbyr  works  in  this  section). 
This  progress  has  been  made  notwithstanding  the  oft^repeated  state- 
ment that  to  prepare  land  for  filtration  is  a  costly  operation, — the 
effect  of  which  has  been,  not  to  prevent  the  adoption  of  the  process, 
which  would  appear  to  be  tbe  object,  hut  to  lower  the  quality  of  the 
intended  works,  and  to  cause  them  to  bo  executed  iu  a  manner  which 
cannot  fail  to  bring  discredit  on  the  process  iteelf.  This  will  be  due, 
not  so  much  to  tho  incompetency  of  the  |>er8ons  carrying  out  the 
works  as  to  the  influence  of  those  who  have  unfortunately  led  sani- 
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tarj'  authoritios  to  bcliere  th&t  intermittent  filtralion  is  simpljr  intan- 
tified  irrigation,  than  which  it  is  hardly  possible  to  utter  a  more  mis- 
goidiiig  precept ;  iiitermittont  filtratioD  being,  as  I  have  bcTore  said, 
a  carefully  devised  work,  whicli  should  stand  the  test  of  all  timp, 
ivliile  istcnaifiGd  irrigaiiOQ  is  only  anotlior  term  for  tlie  TCast<.-fQl  acts 
of  a  bad  fanner.    (See  Section  (J.) 

It  is  doabtleSB  true  that  the  preparation  of  land  fur  tho  etwn 
absorption  and  the  even  infiltration  of  sewage  mast  necessarily  bo 
attended  by  some  considerable  acreage  ontlay.    This  admission,  how- 
ever, is  limited  to  tho  snpei'licial  area,  and  does  not  extend  to  the 
actual  results  upon  the  pockets  of  tho  ratepayers.     If  tho  cost  of 
cleansing  the  sewage  of  a  town  containing  a  certain  popnlation  Tsay 
30,000),  by  filtration  through  natnral  soil,  bo  compared  with  tho 
outlay  necessary  to  effect  the  same  object  by  wide  irrigation,  it  will 
he  found  that  in  the  former  case  it  will  be  difEcult  to  exceed  a  charge 
on  the  I'atepayors  of  twopence  in  tho  pound,  while  in  that  of  the 
latter  it  is  difficult  to  limit  the  charge  at  all,  for  it  will  vntiro^^ 
depend  upon  the  extent  of  the  farm,  tho  local  demand  for  aowio^ 
produce,  and  the  degree  of  stringency  by  which  the  cleansing  of  l&^| 
sewage  is  enforced.  | 

Tho  experience  gained  since  tho  execution  of  the  works  <rf 
Merthyr  Tydfil  and  Kendal,  whicli  are  so  often  referred  to  as 
example  works,  enables  me  already  to  state  that  the  cost  of  preparing 
land  for  intermittent  filtration  can  bo  considerably  reduced  when 
relieved  of  tlio  disadvantages  which  invariably  attend  first  efforts. 
In  liict,  I  am  now  carrying  oub  combined  works  of  surfiice  irrigation 
witli  inlermittcnt  filtration  in  stiff  loams,  gravelly  lands,  and  p 
soils,  and  liavo  a  difficulty  in  determining  nndcr  what  prociw  < 
cumstauces  the  acreage  cost  of  one  pi-ocess  is  greater  than  tb&t  I 
the  other.  In  this  observation  I  am  assaming  that  the  whole  of  tj 
works  essential  to  the  perfection  of  each  system  are  inoladed  in  i 
comparison. 

The  laying  out  of  surfaces  for  irrigation  to  swallow  np  sewage'lj 
the  rate  of  4f,i35  tons  per  aero,  as  at  the  Lodge  Farm  (which  at  ^i" 
per  ton  amounts  to  01.  is.  i)d.)  is  easy  and  cheap  enough,  bat  if  tl 
value  of  tho  sewage  itself  is  to  be  recognised,  the  preparation  of  t 
land  and  tho  cost  of  preparing  it  are  quite  different  matters  aud 
require  considerable  care. 

Tho  only  real  difficulty  in  cither  wide  irrigation  or  intermittent 
downward  filtration  is  expcritnccd  in  cases  where  the  population 
contributing  tho  sewage  ia  limited,  and  where  the  discharge  of  the 
sewage  is  very  irregular, — at  some  period  of  the  day  the  volnmo 
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J  little  or  notliiiig,  and  at  times  conaiUeralile.  In  snch  c 
is  difficnit  to  deliver  to  the  filtration  aren  the  prociso  qnantity  of 
sewage  it  is  designed  to  absorb  and  purify,  and  the  same  thing,  but 
in  a  Ipsa  degree,  occurs  in  sDrfaco  irrigation,  where  the  obJMt  should 
be  to  give  to  vegetation  only  that  quantity  of  sewage  which  it  can 
appropriate  with  advantage.  Bnt  the  trouble  in  both  casc^  has  now 
e  by  t!ie  use  of  "  tbo  rogulatoi-"  (see  Appendic  H.). 


CII. — Combination  of  Ihtebmittent  Dowhwird  Filteation  with 
Wide  Sobface  Ibrioation  es3ENTIAI.  alike  to  the  Peofitable 
Utilisation  of  the  Sewage  and  to  the  constant  Purificatios  of  the 
Efflcent.  We  now  approach  a  branch  of  the  aewage  queation  to 
which  I,  as  an  old  agricnltnrist,  attach,  perhaps,  more  importance 
than  any  other  object  connected  with  it.  I  refer  to  the  judicious 
combination  of  intermittent  filtration — as  a  certain  means  of  puri- 
fying foul  liquids — with  surface  irrigation  as  the  only  means  of 
■ntilising  sewage  to  Ihe  fall  extent  to  whtchitisauscoptible.  Such  an 
arrangement  is  shown  by  Drawing  XX.,  which  exhibits  the  farm  laid 
out  on  the  combined  principle  at  Abingdon,  as  well  aa  the  sewerage 
of  tho  Borough. 

Although  tho  advantage  of  Ijcing  able  to  resort  to  a  process  which, 
by  itself,  enables  a  sanitary  authority  on  an  average  of  years  to  cleanse 
for  a  permanency  tho  liquid  refuse  of  a  thousand  persons  by  its 
passage  through  an  acre  of  land  may  be  very  great  in  the  cases  of 
towns  situated  in  crowded  districts,  where  land  is  only  to  be  ob- 
tained at  a  very  extravagant  coat,  it  is  even  more  satisfeotory  to 
know  that  by  a  combination  of  the  two  processes  of  intermittent 
fiUmlion  and  wide  irrigation,  tho  loss  now  incident  to  scwago 
firming  may  be  turned  into  a  profit,  and  tlie  heavy  charge  levied 
on  the  ratepayers  of  towns  to  make  np  that  loss  saved  to  them. 
This  view  of  the  case,  however,  can  hardly  he  realised  so  long  aa 
sanitary  authorities  are  led  to  believe  that  there  is  no  very  distinct 
difference  between  one  process  and  the  other;  and  that  tho  sewage 
farmer  can  deal  as  readily  with  sewage  when  in  escesa  as  when  he 
obtains  only  as  much  as  he  wants. 

To  romovo  this  false  impression  it  ia  necessary  to  bo  very  explicit 
in  describing  how  the  combination  should  be  i;ffected.  Intermittent 
filtration,  instead  of  being  "  intensified  irrigation  "  practised  at  tbo 
will  of  a  tenant  farmer,  shonld  bo  so  designed  and  carried  into  exe- 
cution as  to  form  a  separate  work  to  be  brought  into  use  at  thoso 
times  when  it  wonld  relieve  tho  sanitary  authority  of  any  doubt  as  to 
the  sewage  being  properly  cleansed. 
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At  present,  all  persona  taking  sewage  from  a  sauitary  a 
under  tLo  obligation  nf  cleaneiiig  tlic  whole  that  is  deliveted 
tliem  and  freeing  it  of  its  foul  and  noxious  matters,  are  not  ot 
inJisposod  to  pay  for  it,  but  in  some  form  or  utlier  require  a  m 
eideralinn  for  taking  it.  The  demand  may  be  put  in  diSierent  ww 
bat  let  it  be  irliat  it  may,  it  practically  results  in  a  losa  to  ih«  rui 
payers,— -whereas  if  the  occnpiers  of  the  land  laid  out  for  Sdrfi 
irrigation  were  nlloweit,  like  the  tanners  in  the  Qoighboariiood 
the  Heathcote  Farm,  near  Lenmington,  or  those  iiearClie]tcnltain(t 
Section  XCII.),  to  take  only  the  qoaiitity  of  eewa^  they  w« 
and  only  when  they  want  it,  the  case  wonM  assnme  a  v&ej  diBcn 
shape.  The  sewage  woald  then  ho  regarded  as  a  more  valnal 
article,  and  the  users  of  it  wonld  be  always  willing  to  pay  for  it 
its  trae  value.  But  to  effect  thia  arrasgemcut  it  is  desirable  tlmt  i 
land  prepared  for  intermittent  Bltratiou  shall  be  properly  and  pc 
manently  laid  out  iu  proper  form,  and  that  the  prepared  areas  sboB 
the  hands  of  the  sanitary  authority,  in  order  that  so  ntni 
of  the  sewage  as  is  not  sought  and  paid  Cor  may  be  cleansed  i 
dependently  of  the  farmers. 

It  IS  unnecessary  to  say  anything  more  than  was  said  in  the  !& 
section  ns  to  the  mode  in  wliich  the  areas  to  bo  devoted  to  tutai 
mitUtnt  filtration  should  bo  formed.  It  is  sufficient  here  to  stAl 
that  wherever  land  can  be  obtained  at  a  price  low  enottgh  to  jnstjf 
its  purchase  and  formation  into  a  wide  irrigation  farm,  the  propoi 
tion  that  may  be  favourably  laid  out  for  intermittent  filtration  aa  i 
"safety  valve,"  need  not  exceed  one-tenth  of  the  total  Rr«^  Fo 
example,  a  sanit'Sry  authority  of  a  town  with  a  population  of  30,001 
which  had  purchased  300  aoros  for  the  ntiltaation  of  the  Benrsffe 
need  only  set  aside  an  area  of  30  acres  for  filtration  to  obtain  thi 
utmost  value  of  the  whole  of  tho  sewage; — 270  acres  would  thai 
be  available  for  wide  surface  irrigation.  To  meet  the  wisfaos  o! 
ipiers  of  the  270  acres,  and  at  tho  same  time  to  make  the 
most  advantageous  terms  for  tho  ratepayers,  the  30  aoros  eet  &{»rl 
for  filtration  should  be  divided  into  three  areas  of  10  acres,  each 
of  which  would  come  into  use  as  the  "  safety  valve"  for  a  year  in 
rotation.  The  sanitary  authorities  wonld  then  hold  the  one  area  in 
use,  and  let  the  remaining  two  areas  on  the  best  terms  they  ooold. 

These  terms,  I  need  hardly  say,  cannot  fail  to  be  favourable,  inas- 
much as  the  full  dosing  of  each  area  when  in  the  bauds  of  the  sanitary 
authority  wonlii  render  them  very  productive  for  the  two  sucoooding 
years,  and  the  one  area  iu  nee  would  still  yield  a  produce  snffioieut 
when  sold  to  pay  the  expenses  of  seeds,  labour,  &c. 
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Henco  it  will  be  manifest  that  such  nii  arrangement,  securing 
US  it  wonld  the  perfect  cleansing  of  the  aewage  independently 
of  adverse  seasons  and  adverse  circumstances,  and  tlio  disposal 
of  the  sewage  at  its  fall  value,  mast  result  advantngcously  to 
all  parties  intereBt«d  :  to  the  sanitary  aathority  and  the  ratepayers 
they  represent,  because  they  are  couforming  to  the  law  by  prevent- 
ing river  pollution  and  securing  tbe  best  return  from  the  sewage ;  to 
the  occupier  of  the  two  remaining  filtration  areas,  becanse  the  laud 
will  bo  enriched  with  the  fertilising  matter  retained  in  the  soil  from 
pruyioua  dressings,  and  because  they  can  have  additional  liquid 
sewage  when  wanted ;  and  to  the  occupier  or  occapiers  of  the  sewage 
farm  (270  acres),  because  in  like  manner  they  can  be  maatws  of  their 
own  proceedings  and  receive  sewage  or  not  as  they  please.  Unless, 
however,  thai  part  of  the  arrangement  depending  upon  the  tanitart/ 
authority  it  icr-uptilouslj/  carried  out,  the  same  waste  of  sewage  and 
the  same  defilement  of  streams  that  is  now  inseparable  from  sewage 
farming,  and  the  same  disappointment  that  now  prevails  throughout 
the  country  in  consfqnenco  thereof,  will  attend  the  proposed  com- 
bination. 

The  necessity  for  the  filtration  area  remaining  in  the  hands 
of  the  sanitary  authority,  and  of  the  strictest  loiles  iu  relation  to 
the  treatment  of  sewage,  has  been  forced  upon  my  mind  by  observing 
that  BO  long  as  the  occnpiera  of  sewaged  land  are  ohlifjed  to  cleanse 
the  sewage  on  Sundays,  and  at  nigbt-time,  or  in  wet  seasons,  and  at 
times  when  the  whole  of  their  lands  ore  in  crop,  they  invariably 
reaort  to  such  expedients  to  "  get  rid"  of  it  as  ai-e  repngnant  to  both 
sanitary  laws  and  agricultoral  economy. 

[Upon  this  very  important  object  the  report  of  the  Com- 
mittee appointed  by  Mr.  Sclater-Booth  contains  this  extra- 
ordinary passage : 

"  A  Portion  of  a  Sewage  Farm  should  he  deep-drained  to  act 
as  a  Laud  Filler. 
"A  portion  of  each  farm  should  be  specially  deep-drained 
and  prepared  for  land  filtering  the  sewage  during  winter  or 
wet  wcalJier.  When  these  filters  are  laid  uut  in  raised  beds, 
some  roots  and  vegetables  can  be  cultivated  with  success  as 
the  sewage  generally  flows  down  the  channels.  Bnt  in  times 
of  flood  and  storms  the  sewage  may  rise  above  the  beds  so 
that  it  appears  ozierM,  which  would  not  be  damaged  by  being 
flooded  for  days,  may  be  the    safest,  and  therefore  the  most 
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profitublo  crops  lo  gron  upon  them.  Experience  has  promfl 
[Lat  each  day's  sewage  may  be  disposed  of  ihroogboat  the 
year  so  >is  not  to  cause  any  nuisauc«.  Land  \vell  dmined, 
properly  laid  oat  and  managed  docs  not  swamp  at  the  sar- 
focc,  neither  does  it  clioke  in  the  subsoil,  as  in  fallow  land 
oxidation  goea  on  betwixt  tho  iutervala  of  irrigation,  and 
at  any  time  the  few  grains  of  matter  extracted  from  Um 
sewage  wators  are  only  a  homceopathic  dose  to  the  land  com- 
pared with  the  bulk  of  soil  0  feet  in  depth.  It  is  a  few 
gruiufi  of  salt  and  organic  matter  extracted  from  the  sewage 
which  remain  for  the  use  of  the  plants,  the  water  evaporat- 
ing or  flowing  from  the  drains." 

Thongh  this  is  an  acknowledgment,  as  far  ae  it  goes,  of  the 

advantage  of  combining  filtration  with  wide  irrigatioB,  the 

which  it  is  expressed  entirely  fail  to  present  tb« 

object  in  a  tangible  form,  while  the  suggestion  that  sowa^ 
"  may  rise  above  thebeda,"  and  ehonld  therefore  be  applied  lo 
ini  much  afraid,  will  only  mislead  the  sanitaij 
stndent ; — because  in  well-formed  intermittent  filtration  areas 
no  sewage  can  rise  above  tjie  formation  level  unless  tbey  ara 
formed  in  very  low  ground  subject  to  floods,  which  is  only 
cxceptioBally  done,  and  becanso  Osiers  are  of  a  family  of  plants 
particularly  inimical  to  underdraiuage,  without  which  filtra- 
tion cannot  iavourably  exist. 

I  do  not  suppose  that  the  Committee  would  suggest  that 
should  be  grown  on  land  natnrally  di'y  and  not  re- 
quiring draining, — where  in  fact  osiers  never  grow,  or  that 
they  would  suggest  that  sewage  should  be  collected  year  afier 
year  on  a  surface  which  is  seldom  broken  t 
with  osier-beds. 

After  the  devotion  of  a  gi-oat  part  of  my  life  to  tl 
ance  of  agricultural  improvements  and  sanitary  prOfp«%SH 

"y  regret  that  the  report  from  which  somuchuscftd  inform 
mationwaa  expected  should  bo  devoted  to  the  simple  reitcra* 
tion  of  tho  conclusion  that  "  town  sewage  can  be  best  and 
most  cheaply  disposed  of  and  puvified  by  tho  process  of  land 
L  for  agricultui-al  purposes,"  without  a  single  pruo- 
tical  suggestion  by  which  that  great  national  object  may  be 
pro&tably  attained.] 

cm.  —  Combined  Wokks  fob  tee  Ikibbcbptioh  am  Diaposu. 

t  SKWAOS   in    CKOWPBD  VaLLEYB  FBEQUESTLT  ADTABlAflEODg. 
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CoNSEiiVASClEs  I'ou  SisiiAEV  PoEPOSES.  TliQ  reiuarks  to  bo  made 
in  thia  aection  have  boon  already  in  a  great  measoro  anticipated 
by  what  hns  bccu  Baid  witb  respect  to  tbe  cleansing  of  trad&- 
liquid  rofuso  and  tbo  anion  of  intormitteat  downward  filtrution  wiLli 
wide  sarfacc  irrigation. 

It  is  in  those  valleys  in  which  manafactnring  towns  are  congre- 
gated, and  in  those  districts  wliich  foiTn  the  suburbs  of  ort  largo 
towns,  that  conibiuntion  may  be  effected  with  tbo  best  advant^;e. 
One  of  the  benefits  to  be  gained  by  combination  is  tbo  redaction  in 
the  namber  of  sites  required  for  the  treatment  of  the  sewage,  and 
the  lessening  thereby  of  the  chances  of  nuisance — reul  or  imaginary — 
to  the  residents  of  the  neigbboarbood ;  and  another  is  the  reduction 
of  the  exponsea  of  management  wliich  in  most  cases  attends  centralis 
satiou. 

In  the  next  section  I  shall  show,  by  the  boat  testimony  I  can  offer, 
that  although  it  has  never  yet  been  proposed  to  utilise  or  cleanao 
sewage  by  appUcation  to  land  without  aroasing  considerable  objec- 
tion on  the  part  of  reaidents  in  the  locality,  the  opposition  is  cer- 
tainly not'  due  to  any  ascertained  injury,  but  rests  entirely  npon 
ideal  or  imaginary  grounds. 

Thongb,  under  the  circumstances  referred  to,  combination  may 
have  advantages  over  sepamte  action,  I  have  not  unfroqnently  found 
upon  going  into  figures  of  cost  that  the  reverse  is  the  case — that  tbe 
annual  charge  upon  tbo  eontribating  ratepayers  of  districts  ia  less 
wbeu  each  authority  adopts  its  own  treatment  than  would  bo  tbe 
case  under  combinalion,  and  that  whatever  tbe  treatment  of  the 
collected  sewage  may  be,  it  ia  quite  possible  to  create  too  great  an 
undertaking  at  one  spot. 

In  this  last  remark  I  refer  moi-e  particularly  to  the  aao  of  land  by 
sar^e  iirigation  when  it  becomes  very  easy  to  over-do  the  market 
for  sewage  produce-  I  need  hardly  say  that  tlio  same  observation 
will  apply  to  the  mannlacture  of  sewago  manure  intended  for  sale, 
for  wbicb  there  ia  generally  a  very  limited  demand,  and  that  in  the 
locality  in  which  it  is  made. 

Tbo  gnperior  advantage  of  a  combioation  of  manufacturing  towns 
consists  in  the  fact  that  tbe  waste  bqnora  of  different  trades,  when 
mixed  with  eownge,  add  so  considerably  to  the  quantity  of  tbe 
diaohai^cd  liqnid  to  bo  dealt  with,  that  it  ia  sometimes  impossiblo — 
particularly  in  crowded  valleys — to  find  sufficient  laud  near  at 
band  for  the  absorption  and  cleansing  of  the  sewage  of  particular 
towns,  while  if  the  outflowing  bqulda  from  all  the  towns  in  one 
valley  were  placed  under  one  conservancy,  and  dealt  with  by  one 
oomprefaensive  mode  of  coUeotion— which  would  allow  of  the  disposal 
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of  tho  sewttge  wlierc\'cr  IftQil  could  bo  best  oblained— 
jiOBsiblo  to  carry  forward  from  one  place  to  another,  i.e.,  from  a  fa!gTi< 
to  a.  lower  level,  tliut  which  conld  not  bo  disposed  of  immediately 
■was  discbarged.  In  tho  viilloy  of  the  Ciildor,  for  iustance,  iu  wlii< 
there  exists  upwards  of  5,000  mills  and  different  works,  and  a  pop 
lation  of  nearly  500,000,  tliere  ia  ample  laud  in  the  valley,  as  a  whol 
for  the  cleansing;  of  the  liquid  refuse  of  every  town  and  inhabitt 
district  within  it  by  some  snch  plan  lis  that  anggeateci.  TUe  soil  i 
this  valley — as  in  many  valleys  in  the  manufacturing  dititrictd — 
remarkably  suitable  for  tbe  cleansing  of  sewage  and  waste  Ilqaoi 
by  filtration  thmugb  small  quantities  of  land,  and  if  tbe  snggeste 
mode  of  treatment  were  adopted  not  only  might  tbe  whole  of  tk 
sewage  and  waste  liquids  be  cleansed  without  ouisance,  bnt  a  n 
covered  source  of  water  supply  would  bo  gained  in  the  dari&e 
effluent  waters  wbich  would  certainly  be  available  for  trade  pm 
poses. 

CIV. — Os  IHB  SiXITAET  COSDITIOS  OF  LOCALITIES  IS  PROXnHTT  Ti 

Laud  to  whice  Sewage  ih  applied.  It  may  afford  tbe  en^nea 
some  data  for  meeting  the  objoctions  which  invariably  ariso  to  ur 
proposal  to  apply  sewage  to  land,  if  tbe  following  facts  and  opinioni 
are  placed  before  him. 

The  Rivers  PoUntion  Commissioners  give  the  following  partictilan 
in  their  first  report.     They  say  : 

"  Wc  do  uot  recommend  irrigation  for  the  abatement  of  tho  towt 
sewage  nuisance  without  having  made  ample  inquiry  into  any  risk 
to  bealth  which  may  be  incurred  by  the  establishment  of  sewage 
meadows  in  tho  neighbourhood  of  towns.  Such  inquiries  have  been 
made  at  Edinburgh,  Croydon,  Norwood,  and  Barking,  where  irri- 
gation has  been  carried  on  long  enough  and,  near  Edinburgh  at  least, 
iu  a  saffieiently  careless  manner  to  have  certainly  developed  what 
over  elements  of  miaebiof  may  be  inherent  in  the  practice.  If  owh«« 
have  we  found  instances  of  ill-health  that  are  properly  attributable 
to  malaria  or  other  causes  due  to  irrigation.  At  Edinbni^h  we 
were  informed  by  Dr.  Littlejohn  that,  though  as  medical  officer  ol 
health  to  the  city,  ho  looked  with  prejudice  and  displeasure  on  the 
existence  of  sewage  meadows  in  its  suburbs,  he  had  not  been  able  to 
connect  tbe  ill-health  of  certain  locabties  in  Edinburgh  with  the 
Craigentinny  meadows  as  its  cause.  Professor  ChriBtison,  too, 
Pi-esident  of  the  Royal  Society  of  Edinburgh,  speaking  of  iheac 
meadows,  in  an  address  at  the  meeting  of  the  Association  for  iht 
Eticouragement  of  Social  Science  at  Edinburgh,  in  October,  1863| 
said  (vol.  ii,,  Hinutes  of  Evidence,  pari  iv.) : 
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"  '  1  have  recently  been  making  cnrefnl  inquiry  respecting  this 
famous  luid  aomewhat  unKavonry  institntion  ;  many  years  ago  my 
own  prejudices  were  all  ngnitist  tlio  meadowa ;  I  liaTO  been  com- 
pelled to  surrender  them,  I  am  satisfied  neither  typliBB  nor  enterio 
fever,  nor  dyseotery,  nor  cholera,  is  to  be  encountered  in  or  around 
them,  whether  in  epidemic  or  non-epidemic  seasons,  more  than  in 
Bny  other  agricultural  district  of  the  neighbourhood.  About  twenty- 
five  years  ago  it  was  stated  that  the  cavalry  soldiers  at  Pierahill 
barracks,  which  are  situated  very  near  them,  were  cnuaualiy  liable  to 
the  zymotic  diseases  caused  or  promoted  by  foul  emanations,  and. 
also  that  meat  conid  not  ha  kept  in  the  officei-s'  larder  on  account  of 
the  absorption  of  foulness  and  quickly  following  decay.  Either,  how- 
ever, there  was  some  mistake  committed  through  prepossession,  or 
the  meadows  are  now  worked  on  a  better  system,  but  at  all  events  I 
have  the  assurance  of  Mr,  Lockwood,  surgeon  of  the  Scots  Greys, 
that  during  their  late  occupation  of  Piersliill  barracks  for  two  years, 
the  mcssman  of  tbo  regiment  never  observed  the  meat  to  be  injured, 
nor  did  he  himself  observe  among  the  men  anything  but  remarkable 
freedom  from  diseases  at  lai^e.  I  think  it  right,  in  reference  to  tho 
late  introduction  of  the  Craigentinny  system  of  irrigation  into  tho 
vicinity  of  other  largo  towns,  that  these  precise  facts  should  be 
known.' 

"Dr.  Christison  writes,  4th  February,  1970,  'I  have  nothing 
either  to  add  to  or  subtract  from  the  above  qnotatjon  from  my  Social 
Science  address  in  1863.' 

"  Dr.  Ligertwood,  surgeon  to  the  8th  Hussars,  stationed  at  these 
barracks,  in  1868,  says  :  '  During  tho  four  months  the  regiment  has 
been  quartered  at  Piorshill  the  men  have  been  very  healthy,  and  so 
have  the  women  and  children.  Between  the  barracks  and  the  sea 
there  are  upwards  of  200  acres  of  land  nnder  irrigation  from  town 
sewage ;  these  sewage  fields  do  not  apparently  exercise  any  nnfaronr- 
able  influence  on  tho  health  of  the  troops,  or  perhaps  I  should  say, 
that  my  opinion  is,  that  in  tpite  of  these,  the  health  of  the  troops  at 
Plershili  is  good,  the  site  of  the  barracks  being  open  and  well  e«posed 
to  the  sea  breeze  connteracta  any  evil  inBucnees  from  proximity 
to  such  fields.  These  fields  are  certainly  a  source  of  nuisance  to 
those  living  in  barracks  from  the  ofiensive  omanationa  given  off 
from  the  open  ditches  conveying  the  sewage,  and  also  from  inju- 
dicious flushing  of  tho  fields ;  tho  stench  in  barracks  is  sometimM 
qnite  sickening.  All  this  might,  however,  be  remedied  by  the 
sewage  being  conveyed  to  tho  fields  in  covered  ditches  or  pipes, 
and  oatlets  placed  on  the  pipes  in  the  fields  at  proper  intorvals  for 
2  a 
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irrigating.  Daring  the  years  1865, '66,  and '67,  Ihe  4th  Hnssan 
were  qnnrtercd  at  Piershill ;  I  was  sargeon  in  clmrgo ;  the  health  of 
the  regiment  was  remarkablj  good;  during  a  portion  of  thin  tima 
the  cholera  waa  epidemic  at  Leith  and  Edinburgh  (not  severe),  bnt 
not  a  case  oocurred  at  Piershill  barracks.' 

"  In  reference  to  Barking  we  may  add  that  during  1866,  when 
the  cholera  was  prevalent  in  some  parts  of  North  London,  the  North 
London  eewago  was  constantly  ponred  over  tho  irrigated  fields  of 
Jjod^e  Farm,  but  no  case  of  cholera  happened  at  tho  iarm  or  near 
it.  The  only  serious  illness  that  has  happened  on  the  farm  since  it 
has  been  in  the  hands  of  the  Metropolis  Sewage  Company  waa 
&  oaao  of  scarlet  fever  in  a  newly  bnilt  cottage,  which  attacked  a 
labourer's  family  immediately  on  their  coming  into  reaidence.  Bot 
it  waa  satisfactorily  proved  that  the  infection  had  been  received  by 
the  family  before  their  arrival,  and  it  did  not  afterwards  spread. 

"  At  Norwood  Dr.  Alfred  Cresewell  gave  evidence  before  the 
former  Rivers  Pollution  Commission  (First  Report,  River  Thames), 
tending  rather  to  implicate  the  irrigation  meadows  there  as  tho 
cause  of  malarious  fevor.  The  following,  however,  is  an  extract 
from  a  letter  dated  December  21,  1869,  in  which  he  states  his  Bob- 
sequeut  exporienoo  :  '  My  evidence  went  to  prove  that  the  irriga^ 
tion  fields  as  a  marsh  produced  malarious  discDses,  and  in  this 
case  intermittent  fever,  amongst  the  children  living  in  J  the  vici- 
nity. At  this  period  the  works  were  badly  managed,  and  tho 
fluid  allowed  to  remain  on  the  field  too  long.  1  have  resided  in 
tho  neighbourhood  ever  since,  and  have  the  largest  practice  in 
it,  especially  attending  the  fiimihes  of  those  who  work  on  the 
fields,  who  also  belong  to  clnbs  which  I  attend.  Many  of  my 
patients'  houses  are  within  150  yards  of  tho  sewage  fields.  Among 
others,  there  is  a  large  girls'  school  standing  between  the  fields 
and  those  houses  where  this  illness  existed  in  1865-6.  In  this 
school,  in  which  tbei-e  are  more  than  thirty  inmates,  there  has  not 
been  a  single  case  of  illness  from  preventible  diseases ;  and  my  last 
quarter's  account  was  5b.  6d,  I  have  been  able  in  no  case  to  trooe 
auy  illness  to  these  fields.  As  for  effluvia  I  will  not  say  there  does 
not  exist  any,  but  it  is  so  seldom  perceptable  that  a  house  bnilt  within 
200  or  300  yards  would  command  the  same  rent  as  if  half  a  mile  off. 
My  investigations  and  independent  obserTations  during  the  last 
three  years  havo  made  me  an  advocate  for  this  method  of  utilising 
sewage  matter.  And  as  an  instance  of  how  perfectly  the  watery 
portion  is  purified,  1  can  state  that  the  water  flowing  over  these 
fields,  and  thence  conducted  to  a  neighbouring  brook,  is  freqaently 
drank  by  persona  who  uro  ignorant  of  its  source.     It  is  clear,  p  '   " 
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laoid,  and  tasteless.  I  repeat,  therefore,  that  after  watching  the 
working  of  these  fioldB,  my  opinion  is,  thrit  w]ien  tbia  system  of 
sewage  irrigation  is  well  managed,  the  liealth  of  the  inhabitanta  in 
the  imiacdiate  vicinity  is  in  no  way  iaflnenced  by  it.  I  may  men< 
tion  that  oora  is  a  deep  olay  &oil,  and  that  I  have  no  experience  of 
light  or  sandy  soils.' 

"  And  at  Beddington,  near  Croydon,  it  has  been  anfficientty 
established,  wbatevor  may  be  the  amonat  of  occasional  nuisance 
owing  to  foul  ditches,  or  perhaps  to  the  ponding  of  fiinl  water  in 
hollows  on  the  land,  that  no  attack  of  disease  has  been  consequent 
upon  the  process  of  irrigation  there. 

"  The  evidence  of  Dr.  AUxed  Carpenter  is  conclusive  on  this  point. 
The  following  is  an  extract  from  his  paper  on  '  Some  points  in  ths 
physiological  and  medical  aspect  of  sewage  irrigation,'  read  before 
the  Social  Science  meeting  at  Bristol,  October  2,  1869  : 

"  '  The  visitor  to  Beddingtoa  will  see  a  number  of  villas,  which 
have  been  occapied  for  some  yoarB,  with  irrigated  fields  both  in 
front  and  rear,  whilst  not  a  trace  of  eiithetic  disease  has  appeared 
in  any  of  them,  thongh  I  think  the  Beddington  farm  is  capable 
of  much  improvement.  At  Korwood  the  population  is  much  greater 
and  much  nearer  to  the  fields,  probably  400  persons  living  vrithin 
20O  or  300  yards  from  the  farm.  Previously  to  its  eatablishmeot 
in  that  district  fever  abounded ;  since  then  that  disease  has  all  but 
disappeared,  and  the  moriahty  of  the  district  has  steadily  declined. 
The  death-rate  for  Norwood,  population  about  SOOO,  for  tho  last 
six  years,  according  to  Dr.  Weatall's  mortality  tables,  is  as  follows, 
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1817  Sewage  farm  established. 

1534 
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"  '  I  do  not  mean  to  assert  that  the  low  mortality  in  Norwood  is 
due  to  tho  estabh'shmcnt  of  the  sewage  farm,  neither  do  I  expect 
that  low  rate  to  be  maintained ;  bat  I  contend  that  if  miasms  were 
produced  by  sewage  farms,  then  the  mortality  would  have  increased 
after  the  establishment,  and  that  preventable  diseases  would  have 
more  abounded  than  before  the  event.  We  find  the  contrary  to  be  the 
fact.  From  the  above  table  it  will  be  seen  that  the  establishment  of 
the  sewage  farm  in  1865  was  immediately  followed  by  a  deci'case  in 
mortality,  which  would  not  havo  becu  the  case  if  miasms  had  been 
promoted  by  their  formation.     Then,  agaia,  tho  Beddington  &rm  of 
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nearly  300  aorea  is  within  500  yai-ds  of  a  popnIouB  portion  of  oar 
town,  and  within  900  jarda  of  the  centre  of  the  place;  it  lies  to  the 
westward  of  tlie  town,  and  yet  I  can  safely  say  tliat  a  continuance  of 
west  wind  is  always  accompanied  by  a  diminished  amount  of  ordi- 
nary fijcknesa  in  the  place,  and  onr  ordinary  mortality  is  ^nerally 
below  20  per  1000.  At  Norwood,  moreover,  a  public  footpath 
passes  through  the  fields,  which  is  freqnented  by  hoodreda  of  per- 
sona for  recreation  and  amnaemeiit,  CBpecially  on  a  Sunday.  The 
persons  bo  using  the  footpath  have  been  freqnently  surprised  when  they 
have  been  told  that  their  wallis  for  pleasure  have  been  taken  through 
the  sewage  farm  of  the  Croydon  Local  Board  of  Health.  The  path 
is  much  more  frequented  than  other  footpaths  in  the  neighbourhood, 
which  would  not  be  the  case  if  the  fields  wore  the  nuisance  they  are 
supposed  to  be.'  " 

In  the  Fourth  Report  of  the  Rivers  Pollution  Commission  farther 
evidertce  is  given  upon  this  subject  by  Dr.  Littlejohn,  the  medical 
ofBcer  of  health  to  the  City  of  Edinburgh.  Afler  bearing  testimony 
to  the  health  of  the  village  of  Restclrig,  which  is  surronnded  by 
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"  I  expected  that  the  first  part  of  Edinburgh  (Regent- ten-ace  and 
Carltou-ten'ace  on  the  Caltoo  Hill),  against  which  the  wind  blowing 
over  these  meadows  impinges,  would  have  exhibited  evidence  of  in- 
fection in  the  shape  of  cholera  or  typhoid  fever,  but  I  have  totally 
fiiiled  to  Gud  it  ao."  In  reply  to  further  questions,  he  says  of  the 
neighbouring  barracks  which  the  Commissioners  state  arc  being  con- 
tinually filled  with  fresh  men  who  arrive  of  course  unaccnatomed  to 
the  ci re nm stances  iu  which  they  are  placed :  "  No  injurious  effea 
is  produced  by  the  nicadowa  which  is  perceptible  in  the  state  a 
their  health.  We  have  also  to  add  to  this  list  a  collection  of  child] 
of  the  poorest  class,  who  have  been  kept  under  the  auspices  of  Dr. 
Gnthrio,  at  Marionville,  which  is  the  very  ceoti'o  of  the  meadows. 
Thus  the  men  in  the  barracks  (on  the  one  siJi'),  the  old  people  in 
RoBtalrig  (midway),  and  the  very  young  children  with  debilitated 
coTistitutiona  (on  the  other  aide),  ai'o  healthy.  With  these  three 
delicate  tests,  including  Regent-terrace  and  Carlton -terrace,  wc  liave 
&iled  to  show  that  the  meadows  are  prejudicial  to  health,  in  fact^ 
opposite  evidence  might  be  obtained  of  a  very  strong  kind.* 

Aa  to  the  liability  to  certain  diseases,  which  aome  of  the  oppo- 
ncnts  of  irrigation  and  intermittent  filtration  state  attends  the  con* 
sumption  of  vegetables  produced  from  sewage,  or  from  the  flesh  of 
animals  which  have  been  fed  npon  SL'Wiige-groivn  produce,  we  have 
the  following  facts  and  opinions. 
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In  a  letter  to  me,  dated  July  of  last  year.  Mr.  Dyke,  tlie  medical 
officer  of  health  for  the  nrban  and  rural  sfinitary  authoritiea  of 
Mertliyr  Tydfil,  says  :  "  The  vegetables  produced  on  the  areas  are 
conBumed  by  the  pablic  resident  in  Morthyi-,  and  no  evil  results  have 
followed.  Diiirrhcea  is  a  disease  which  would  resalt  from  the  nae  of 
bad  vegetables.  The  Registrar-QonorRl  drew  especial  attention  to 
the  fact  that  the  mortality  due  t-o  diarrhoea  was  loss  in  Merthyr  than 
in  any  town  in  the  kingdom." 

In  1871,  the  Sewage  Committee  of  the  Biitish  Association  invited 
Dr.  Spencer  Cobbold  to  make  an  examination  of  the  carcass  of  an 
ox,  whicli  had  been  fed  for  nearly  two  years  on  sewage-grown  pro- 
dace  at  Bretons  Farm,  to  ascertain  the  presence  or  absence  of 
cutozon.  The  examination  was  made  in  the  pi-escuco  of  Professors 
Mai-shall  and  CorBeld,  as  well  as  oUier  members  of  the  Committee, 
and  the  result  is  given  in  the  following  report  of  Dr.  Cobbold : 

"  Your  Committee  baving  invited  mc  to  examine  the  carcass  of  an 
ox  fed  for  two  years  past  on  Bcwage-grown  grass  at  Mr.  Hope's  farm 
near  Romford,  I  have  to  report  the  perfect  freedom  of  that  animal 
from  internal  parasites  of  any  kind. 

"  1  attribute  this  marked  negative  resalt  to  the  following  circnm- 
Btances : — First,  the  animal  did  not  graze  on  the  farm,  but  was  fed 
exclusively  upon  vegetable  products  cut  and  carried  from  the  land. 
Secondly,  the  porous  nature  of  tho  soil  and  sabsoil  alike  would 
rapidly  carry  oSTthe  sewage,  and  thas  insure  the  passage  of  parasitic 
germs  into  the  soil  itself.  Thirdly,  I  noticed  on  the  irrigated  por- 
tions of  the  farm  a  remarkable  absenoe  of  those  molluscan  and  insect 
forms  of  life  which  frequently  pluy  the  part  of  intermediary  bearers. 
Fourthly,  the  only  mollusks  I  detected  were  examples  of  Zi/mneu4 
peret/er ;  these  were  obtained  from  a  small  pit  of  water  to  which  the 
sewage  bad  no  access,  and  when  examined  after  death  were  not 
found  to  contain  any  cercarian  larvce.  Fifthly,  the  flaky  vegetable 
tufts  collected  by  me  from  the  sides  of  tho  farrows  occupied  by 
sew  age- currents  consi8t«d  chiefly  of  Balrachosptrmiim  moniUforms, 
in  tho  filaments  of  which  were  numerous  active  free  nematodes,  but 
no  ova  of  any  true  entozoon.  Sixthly,  the  aewago  had  a  strong 
smell  of  beer,  suggesting  tho  presence  of  sufficient  alcohol  to  destroy 
tho  vitality  of  ordinary  parasitic  germs,  though  it  was  abundantly 
manifest  that  the  free  nematodes  had  sutFered  nothing  in  consequence. 
"  As  some  guarantee  for  the  efficient  manner  in  which  the  carcass 
of  the  ox  was  examined,  I  may  mention  that  the  super6cial  muscles, 
with  their  associated  areolar  and  aponeurotic  coverings,  were  par- 
ticularly investigated,  portions  of  certain  mnscles,  such  as  tha 
scaleni  and  steroo-maxillaris,  being  dissected  through  and  through. 


350 


TREATMENT  AND  DISPOSAL  OF  SEWAQE. 


AJl  the  Tiacern  were  likewise  scnttimBed,  cepeciaily  the  brain,  lan^ 
liver,  bladder,  kidneja,  pnnnch,  reed,  raecnm,  and  otiier  natural 
divifioQs  of  the  intesLiniil  canal.  The  nuiiu&l  was  not  exoessirely 
fat,  whilst  its  rausclea  were  well  developed  and  of  a  deep  c 
lustre." 

Upon  this  report  tha  Sewage  Committee  roinivrk  : 

"  With  regard  to  the  eiaminution  of  tlie  carcass  of  tbe  ox,  i 
had  been  fed  for  twenty-two  months  on  sewaged  produce  at  Bretona 
Farm,  tliose  members  of  the  Committee  who  were  present  and 
examined  it  with  Dr.  Cobbold  concnr  in  hia  statement  aa  to  its 
perfect  freedom  from  internal  pnraaites  of  all  kindt ;  and  thej  can 
also  enliacril>e  to  most  of  hia  observations  with  regard  to  the  pos- 
sible reasons  for  Ihis  immnnity.  They  wish  especially  to  draw  at- 
tention (1)  to  the  fuct,  that  on  this  farm  there  is '  a  remarkable  abeeace 
of  those  moUnscan  and  insect  forms  of  life  which  freqaentljr  play 
the  part  of  intermediary  bearers'  to  entozoal  larvte;  it  would  appear 
that  the  sewage  drives  these  creatures  away  or  kills  tliem ;  and  (2) 
to  the  composition  of  the  '  flaky  vegetable  tufis'  collected  from  tho 
Bides  of  the  carriers ;  these  contained  nnmerons  active  free  nema- 
todes, but  no  ova  of  any  true  entozoon.' 

"  But  the  Committee  cannot  support  the  opinion  expressed  by  Dr. 
Cobbold,  that  the  strong  smell  of  beer  which  the  sewage  had  (cansed 
of  course  merely  by  hop  waste)  would  Buggest  '  the  presence  of 
BuiEcient  alcohol  to  destroy  the  vitality  of  ordinary  parasitic  germs,* 
as  the  quantity  of  alcohol  which  would  bo  necessary  for  this  porposa 
in  so  large  a  bulk  of  sewage  would  be  enoruions,  and  especially  »», 
as  Dr.  Cobbold  says, '  it  was  abundantly  moniiest  that  the  free  nema- 
todes had  suffered  nothing  in  consequence.' 

"  It  appears,  then,  that,  as  far  as  this  one  case  goes  (and  it  ia 
certainly  as  conclusive  as  a  single  case  could  possibly  be),  there  ia 
no  evidence  that  entoKoal  forms  of  life  are  to  be  found  on  the  fhrm 
at  all  in  any  stage  of  their  existence,  or  in  the  Heeh  of  an  animal 
fed  exclusively  for  twenty-two  months  on  sewage  produce  grown  on 
the  farm." 

Evidence  of  the  health  of  cowa  fed  upon  sewnge- prod  need  grass 
ia  given  in  the  Fourth  Report  of  the  Rivers  Pollution  Commis- 
sioners.  Dr.  Littlejohn,  in  his  evidence  before  the  Commission,  aaya: 

"  The  cows  in  Edinburgh  are  chiefly  fed  with  grass  that  is  g^wn 
on  the  Craigentinny  meadows.  I  have  thought  that  there  might  be 
objection  to  feeding  cows  upon  grnes  so  grown,  because  I  was  of 
opinion  that  such  gi-ass  might  be  of  inferior  quality ;  but  practically 
I  have  failed  to  detect  any  bad  effects  rcsaUing  from  the  nse  of  such 
grass.      Eutozoic  disease  is  remarkably  rare  in  Edinburgh, 
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worm  ia  hardly  ever  heard  of,  except  in  the  casoa  of  persoofl  coming 
from  other  places  to  reside  hero.  All  the  cattle  which  have  been 
fed  upon  the  sewage-gi'owu  graaa  find  their  way  to  onr  alaughter- 
honses,  where  they  are  exacoiuod  by  inspectors  and  myaelf  We  do 
not  find  any  of  those  diseased  appearances  which  are  met  with  in 
what  is  called  '  diseased '  meat  more  freqacntly  in  cows  which  have 
been  fed  upon  sewage  grass  than  in  cows  which  have  been  fed  upon 
other  kinda  of  food.  Like  nil  animals  in  towns,  wo  find  that  they 
are  mora  liable  to  suffer  from  contagious  diseases,  such  aa  plnero- 
pneumonia.  But  that  is  decidedly  not  attributable  tfl  any  pecu- 
liarity in  their  food.  So  far  as  ray  observations  have  gone,  the  nss 
of  sewage  grass  fur  the  food  of  animals  is  unobjectionable.  We  aro 
annoyed  occasionally  by  attacks  of  diphtheria  which  occur  in  variona 
parts  of  the  town,  and  I  have  had  to  inquire  as  to  the  milk  sup- 
plied to  fomilies  who  have  been  afiected,  but  I  havo  failed  to  trace 
connection  between  tho  use  of  particular  kinds  of  food  and  any 
special  attack  of  diphtheria,  or,  in  foot,  any  other  disease. 
Trichiniaais  ia  not  known  in  Edinburgh.  Tho  practice  of  keeping 
cows  in  Edioburgh  has  prevailed  from  time  immemorial.  If  there 
had  been  anything  in  tho  idea  that  sewage  grass  would  lead  indi- 
rectly to  entozoio  diaeasEt,  it  has  had  plenty  of  time  to  develop 
itself,  and  Edinburgh  ia  not  only  tho  seat  of  a  great  medical  sohool, 
bnt  medical  observation  is  carried  to  tho  liigheat  point  in  Edinburgh, 
80  that  it  oonld  not  fail  of  being  detected." 

CV. — CoNCLiTDiso  Remarks  on  the  TBEATMtNx  and  Disposal  or 

THE  SeWAOE,    and   THE   MeaMS  TO    BE   PBOVIDED    TO    PSEBBIIVE  BlTBM 

AND  EcssiNa  Streams  from  PoLtcTios.  The  following  concloeions 
form  an  epitome  by  which  I  think  it  right  to  cloSe  the  last  division 
of  my  lectures. 

I.  That  the  liquid  refaso  of  towns,  villages,  hamlets,  institutions, 
and  dwellings,  can  only  bo  cODtinnooaly,  effectually,  and  economi- 
cally cleansed  and  rendered  legally  admissible  into  inland  rivora  by 
application  to  land. 

II.  That  where  agricultural  land  can  be  obtained  for  the  purpose 
at  a  cost  not  eiceediug  fifty  per  cent,  above  ita  ordinary  saleable 
vaiae,  resulting  in  a  rent-charge  not  exceeding  50a.  an  acre,  tho 
sewage  should  be  applied  to  it  on  the  principle  of  sarfiioe  irrigation 
on  a  wide  scale,  combined  with  intermittent  filtration  through  a 
small  proportion  of  the  urea  purchased. 

III.  That  where  land  can  be  obtained  at  any  price  the  repayment 
of  which  with  interest  will  amount  to  a  charge  above  50s.  but  not 
exceeding  7/.  per  acre,  a  sanitary  authority  is  justified  in  applying  the 
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Bcwage  of  tteir  rlistriet  to  a,  mcdinm  extent  of  land  prepared  for  ii 
gation  combiucd  witli  irtermittent  fillration,  and  if  the  extent  does 
not  exceed  that  which  will  satisfy  the  demands  of  local  markcta  for 
vegeUihles  and  grass  produced  fi-om  it  an  imiiiediat«  rctam  may  bo 
expected  sufficient  to  pay  all  outgoings,  including  the  renting  cliarge, 

IV.  That  where  land  can  only  bo  obtained  at  a  price  involving  an 
annual  charge  of  lOJ.  an  acre  and  more,  a  sanitary  anthority  is  only 
justified  in  acquiring  just  sufficient  land  to  secure  a  permaneat 
cleansing  of  the  sewage  which  may  be  limited  to  one  acre  for  every 
thonsand  of  the  population,  always  assnming  that  the  land  is  quite 
suitable,  that  it  is  naturally  or  artificially  underdraincd  to  the  iiill 
depth  of  six  feet,  and  properly  prepared  to  receive  the  sewage,  aad 
that  the  sewage  is  apphed  qaantiiatively  and  intermittently. 

V,  That  in  the  case  of  towns  on  tidal  rivers,  and  on  the  seaboard, 
sanitary  authorities  will  in  many  cases  be  justified  in  resorting  to 
chemical  precipitation,  supplemented  by  filtration  throngh  natural 
soil,  or  through  artificial  beds,  to  clarify  the  sewage  before  ultimate 
discharge.  It  is  only  in  cases  where  sewage  cannot  returu  to  the 
shore  that  it  should  be  discharged  direct  into  the  sea. 

yi.  Allotment  gardens  for  the  labouring  poor  form  the  naost  ap- 
propriate ground  for  tlie  ntilising  of  the  liquid  sewage  of  viUa^ee,  if 
Kelt  arranged  and  managed. 

VII.  In  applying  sewage  to  land  for  irrigation,  the  wider  tba 
area  beyond  the  qnantitj  that  will  meet  the  demands  of  local  marketa  .^ 
for  sewage  produce,  the  greater  will  be  the  loss  upon  tho  preaenkj 
ratepayers.  ^H 

VIII.  Sewage  farming  can  never  be  remanerative  to  the  eani-^l 
tary  authority  who  lets,  nor  to  the  farmer  wlio  hires  the  sewaged 
land,  so  long  as  the  latter  is  compelled  to  take  and  cleanse  the  sew- 
age at  all  times  and  under  all  conditions.     It  is  therefore  essential 
that  a  properly  prepared  plot  of  land  for  intermittent  filtration  should 

be  held  by  the  local  authority,  to  receive  the   sewage  when  not 
wanted  by  the  farmer. 

IX.  In  order  to  satisfy  the  just  demands  of  mannfactnrerB  tor  h 
the  admission  of  trade  liquid- refuse  into  the  common  sowers  of  !■ 
a  town,  the  provision  of  land  for  the  intermittent  filtration  of  the  fl 
sewt^e  and  trade  liquors  to  be  discharged  should  be  held  particnlarlT  ' 
in  view,  whether  towns  are  treated  separately, 
under  a  Conservancy  Board. 

X.  The  practice  of  loading  land  laid  out  for  irrigation  with  e: 
e  quantities  of  sewage  should  bo  strictly  avoided,  as  one  snbversiTa  J 

of  the  law  in  respect  to  river  pollntion,  and  opposed  to  economical  I 
rBBoIte  from  sewage  utilisation  ;  ■ 
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Tisioa  of  a  properly  prepared  plot  of  land  for  the  iatermittent  fiU 
tration  of  the  sewage  which  is  in  excess  of  the  quantity  actually 
required. 

XI.  Land  receiving  sewage  should  be  moat  carcfallj'  prepared 
to  diBtribute  it  while  in  n  fresh  condition.  All  half  and  half  mea- 
sares  r&anlt  sooner  or  later  in  riTer  pollution,  and  loss  to  the  rate- 
payers. 

XII.  The  moat  scrupulous  care  should  be  taken  when  discharging 
eewago  into  both  inland  and  tidal  rivers  to  prevent  the  silting  up 
of  aavigable  channels  hy  road  detritus  and  other  solid  matters. 

Having  thus  recorded  my  own  conclusions  on  the  disposal  of  the 
sewage  of  towns  and  villages,  and  referred  to  those  of  the  recent 
Committee  appointed  by  the  President  of  the  Local  Government 
Board,  I  will  add  the  conclusions  arriyed  at  hy  the  Select  Committee 
on  the  Sewage  of  Towns  in  the  year  1862, 

Condusiom  of  Select  Committee  on  the  Sewage  of  Town». 

"  1.  The  evidence  proves  that  sewage  contains  the  elemento  of 
every  crop  which  is  grown. 

"  2.  That  as  compared  with  solid  manure  there  are  advantages  in 
the  application  of  sewage  manure  to  land. 

"3.  The  evidence  proves  that  town  sewage  contains  a  large  amount 
of  heat,  which  in  itself  is  bencficisl  in  stimolating  vegetation. 

"  4.  The  evidence  also  proves  that  the  water  alone  of  sewage  is  of 
great  benefit  for  agricoltural  purposes. 

"  5.  The  evidence  further  proves  that  one  ton  (224  gallons)  of  aver- 
age town  sewage  contains  an  amount  of  manure  which,  if  extracted 
and  dried,  wonld  be  worth  a  little  over  2d.,  taking  Peruvian  goano 
(at  \\l.  per  ton)  as  the  standard. 

"  6.  A  judicious  use  of  town  sewage  permanently  improves  land. 

"  7.  Sewage  may  be  applied  to  common  grass,  Italian  rye-grass, 
and  also  to  roots  and  grain  crops,  with  great  advantage,  dresainga 
with  sewage  hastening  vegetation. 

"8.  Sewage-grown  grass  has  a  great  effect  in  increasing  the  qaan- 
tity  and  richness  of  the  milk  of  cows,  as  well  as  improving  the  con- 
dition of  the  cattle,  which  prefer  scnaged  grass  to  all  others. 

"  9.  The  earth  possesses  the  power  of  absorbing  irom  sewage  all 
the  manure  which  it  contains,  if  the  dressings  in  volume  are  pro- 
portioned to  the  depth  and  quality  of  the  soil. 

"  10.  Those  who  use  sewage  shonld  have  fall  control  over  it,  that 
they  may  apply  it  when  and  in  what  qaantitics  they  may  require  it. 

"11.  Heavy  dressings  of  sewage  (8,000  to  9,000  tons  per  acre)  are 
wastefnl ;  less  dressings  (500  to  2,000  tons  per  acre)  when  more  care- 
folly  applied,  produce  better  results.  The  enormous  dreeaings 
recommended  by  some  witnesses  would  be  agriculturally  useless,  aa 
the  sewage  wonld  Sow  over  and  off  the  surface  unchanged. 
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■anitation,  I  do  not  wieh  to  overlook  the  labonrs  of  the  Into  Dr. 
Farkes  and  of  Dr.  Angne  Smith,  of  Mr.  Simon  and  Dr.  Fair,  of  Dr. 
BnchaTian  aud  Sir.  Netten  HadcUffe,  and  of  Dr.  Acland  and  Dr.  de 
Chanmont,  as  we!l  as  those  of  loss  prominent  members  of  the 
medical  profosaion,  who  have  not  only  brought  home  to  en^neors  the 
fact  that  there  is  for  them  a  very  wide  field  of  action,  hot  have 
made  every  reading  man  know  that  many  dtaeaaea  may  be  prevented 
and  life  prolonged  by  pure  air  and  pure  water,  which  shall  be  within 
the  reach  of  all  alike.  When  mentioning  the  names  of  the  more 
forward  men  in  the  medical  profession,  I  cannot  omit  that  of  Mr. 
Bobcrt  Rawlinson,  C.B.,  C.E.,  who  has  done  much  for  which  his 
brother  eogiaecrs  may  bo  grftt«fiil-  I  am  glad  of  this  opporttmity 
of  making  this  last  acknowledgment,  for  although  I  have  felt  it  my 
duty,  owing  to  the  influential  position  occupied  by  Mr.  Bawlinson,  to 
stftte  in  distinct  terms  the  opinions  I  hold  on  several  practical 
points  in  opposition  to  those  ho  has  ofBcially  expressed,  and  have 
been  sorry  to  observe  in  the  last  report  proceeding  from  his  pen  a, 
desire  to  uphold  the  opinions  he  formed  twenty  years  back  without 
regard  to  the  more  recent  experiences  of  other  persons  as  earnest 
and  as  worthy  of  consideration  as  himself,  I  am  not  the  less  disposed 
to  express  my  appreciation  of  his  valaablo  public  services. 

To  the  teachings  of  the  eminent  persons  I  have  mentioned  I 
would  direct  the  studies  of  all  yoong  sanitftry  engineers.  Unfor- 
tunately, however,  it  is  within  the  power  of  political  and  social 
inflnences,  when  brought  to  bear  upon  the  Government  of  the  day, 
to  set  aside  the  best  labonra  of  individuals,  however  soundly  based 
and  wisely  directeil.  This  is  to  be  regretted,  because  the  student 
is  not  always  able  to  discover  the  reason  why  the  beat  connaela  are 
not  adopted  by  the  nation.  Tliat  my  meaning  may  be  understood, 
I  would  espooially  point  to  tlie  remarkably  valuable  chemical  work 
performed  by  Dr.  Edward  FrankJand  as  a  Bivers  PolJulion  Commis- 
sioner. His  reports  are  singularly  instrnclive.  He  ia  acknowledged 
throughout  Europe  to  have  done  inoro  than  any  chemist  of  the 
present  day  to  advance  sanitation.  Yet  two  auccesBive  Govern- 
ments have  put  nsido,  i.e.,  they  have  not  adopted,  his  recommenda- 
tions, though  endorsed  by  many  of  the  lea^ng  chemists  of  other 
countries  besidoB  bis  own. 

I  will  give  here  a  Table  which  will  be  found  very  usoful  by  the 
engineer.  It  will  enable  him  to  ascertain  at  once  the  annual  charge 
which  will  bo  made  upon  a  district  to  repay  with  interest  the  amount 
which  it  may  bo  necessary  to  espcnd  on  sanitary  works,  if  a  local 
authority  should  borrow  llio   money  from  the  Public  Works  Loan 
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with  Interest  which  ie  requisiu  for  the  Repftymeut  of  Loana,  a 
in  any  period  of  from  One  to  Fifty  Tears. 
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Having  derived  much  informatioii  and  asaistance  firom  man] 
engineers,  medical  officers,  local  surveyors,  and  others,  oonnectec 
with  the  subject  of  these  lectures,  I  desire  thus  pnblioly  to  acknow 
ledge  the  fact,  and  to  thank  them  for  the  aid  they  have  renders 
me.  As  these  pages  have  been  taken  through  the  press  for  '^  readers' 
instead  of  hearers  in  the  midst  of  business  engag^eznents,  and  it  ii 
more  than  probable  that  errors  will  be  discovered,  I  Tenture  U 
express  the  hope  that  upon  such  being  found  to  be  the  case,  the} 
will  be  pointed  out,  in  order  that  corrections  may  be  made  in  thi 
event  of  a  second  edition  being  called  for. 
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BariMiTioH    or    cakbonic    acid    bt    mtnimstric    an  alts  is. 


[Extracfedfrom  "  Air  and  Bam,"  hy  Dr.  Angut  Smith.'] 

For  definite  amminU  of  earbonie  acid. — "  If  we  shake  a  bottle  con- 
taining 644  cubio  centims,  or  23  onnces  of  common  air,  we  obtain 
a  precipitate  sach  as  tliat  described  above."  Noiv,  if  air  containing 
twice  as  macb  carbonic  acid  were  to  be  pnt  into  a  bottle,  tbo 
precipitate  wonld  be  twice  as  great,  bnt  we  could  not  ascertain  its 
valao  hy  the  eye.  We  cannot  even  make  a  probable  approach  to  it. 
If,  however,  we  nse  a  bottle  just  half  the  size  of  the  first,  the  air 
bemg  stilt  twice  as  bad  as  the  first  specimen,  we  ehoold  have  a 
precipitate  exactly  the  same,  becanse,  in  fact,  the  amount  of  carbonic 
acid  wonld  be  exactly  the  same.  If  the  air  wore  foor  times  as  bad 
we  should  Ihen  use  a  bottle  four  times  smaller,  and  obtain  a 
precipitate  also  exactly  the  same  aa  the  first;  so  on  down  to  the 
smallest  dimensions.  I  go  here  in  the  belief  that,  althongh  we 
cannot  approach  at  all  closely  when  endeavouring  to  obtain  the 
comparative  value  of  two  precipitates,  we  can  retain  in  tha  memory 
with  great  esactneas  the  character  of  one  precipitate  of  a  given 
density. 

"  If,  then,  we  wish  the  air  of  a  place  to  be  kept  at  any  one  given 
state  of  purity,  we  should  require  only  to  have  a  bottle  corresponding 
to  the  amount  of  carbonic  acid  and  the  trial  could  be  made  at  onee. 
This  plan  wonld  not  suffice  for  estimating  the  amount  in  any  given 
air  ;  it  wonld  estimate  only  one  amount ;  bnt  it  would  show  clearly 
when  there  was  more  and  when  less. 

*  "  Equal  qnuiUbieg  oT  buyu  mSin  were  poarod  Into  two  bottlw ;  lir  »u  btowQ  inio  tbev 
from  thA  long!  until  a  decidod  proolpitAbe  fOTnud.  equal  in  both  caflaa.  Tbe  unaonc  of 
pnrallillaM  wu  sMimaUid  by  teating  ihs  amonnc  of  lnt:ria  uiU  in  aulntioD.  When  thia 
wiu  dona  aSTsnl  tiniM  by  IwDpsnana  tba  renilla  wsra  almoat  abeolnlely  tbe  aama,  Nait 
aas  Ibaae  auo*  t«ro  psrfonned  the  expttimant,  relying  on  (he  iDemel?  of  the  precipitate 
of  the  invrlooB  d^  i  and  the  reaalu  irere  tbat  irhat  tha  oiilir  aaid  raqnind  'u  13-7 
cnbta  mntiraea.  tat,  and  UJ.    The  dlfltaretioe  in  one  caae  [■  ODDS  gmmme  of  ciHionis 

oarbonlo  aold.    Thi>  mw  repeaiad  time*  wiiliDin  nombor,  and  terred  ■«  a  ba>l>  lor  anew 
mode  of  miiiiit  the  Laryu  and  time  water  taala.    To  ttiia  metbod  of  analyiU  1  hava  giTan 
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"  When  it  yiaa  found  so  caay  to  remember  a  cert&in  ballc  of  prwcip 
tate,  it  became  important  to  know  what  bulk  would  be  the  mutt 
easily  remembered.  Mast  it  be  a  minute  qnantit;,  sach  as  b  cbemist 
would  call  a  trace,  or  moBt  it  be  »  quantity  sach  as  tre  sbonld  ckU 
milky  ?    Neither  suffice. 

"  ThefiretiHtoDHmatl  for  certainty;  the  second  has  no  tranalnoency, 
or  so  little  that  we  cannot  judge  of  the  amount  that  lies  behind.  The 
qnantity  will  be  expressed  most  clearly  by  saying  that  the  tiqnid  is 
turbid  and  etill  tmoBluceat,  but  not,  ao  that  you  coald  read  tfaroufih 
it.  Anyone  may  obtain  it  exactly  by  shakinff  a  clear  23-oiiDoe 
bottle,  with  half  an  oonce  of  baryta  water  in  air  containing  '04  per 
ceut,  carbonic  acid,  and  this  may  eaeily  and  frequently  be  done  to 
aid  the  memory. 

"  To  be  more  precise,  it  is  a  precipitate  obtained  by  throwing 
down  barj-ta  with  ■2515  cubic  centima  of  carbonic  acid,  or  -00224 
gramme  carbonate  of  baryta  freshly  precipitated  in  half- an- oonce  of 

"  Some  may  prefer  less ;  any  amount  wiU  do  if  it  is  nniform. 

"  Tadlb  I. — To  be  used  when  the  point  of  obaeryation  is  the  preci- 
pitate described.     Half  on  ounce  of  baryta  wat«r  oontaininf;  abm^ 
■08  gramme  baryta.  ^^M 
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In   Table   I.  all   the  information    actually  necessary  ig  giTen, 
Colnmn  2  is  for  fine  measurements  in  cubic  centimetres,  indicntiofr 


the  amonnt  of  air  which  will  contain  the  carbonic  acid  c 
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producing  the  precipitate  of  baryta  wheu  tho  proportion  ia  aocordiBg 
to  any  number  in  the  firat  colnmo.  Column  3  ia  the  same  number, 
with  the  addition  of  1416  cubic  centimetres,  or  half  an  ounce,  which 
ia  the  space  occupied  by  the  liquid.  This,  then,  gives  the  siee  of  the 
bottle  to  be  used.  Colamn  4  also  gives  tho  size  of  bottle  to  be  naed, 
the  nuraberB  being  avoirdupois  ounces  fractions  are  not  always  given, 
and  aro  not  required  so  minutely  as  they  are  given. 

"  Perhaps  in  some  cases  it  may  be  found  more  convenient  to  use 
those  sizes  of  bottles  whicii  do  not  give  any  precipitate  or  milkinesB 
when  half  an  ounce  of  baryta  water  is  sbaken  up  with  the  air  in 
them.  The  sizes  corresponding  to  various  percentages  of  carbonio 
acid  are  given  in  Table  II. 

"  Table  II. — To  be  used  when  the  point  of  observation  is  '  no 
precipitate.'  Half  an  ounce  of  baryta  water,  containing  about  '08 
gramme  baryta. 

Air  at  0"  C,  and  760  millima.  bar. 
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"  In  order  to  use  tbis  table,  first  in  application  to  ordinary  circum- 
stanoea  in  life,  we  may  assome  that  a  bottle  holding  5'42  ounces  will 
not  give  any  precipitate  in  the  air  around  bonsea  if  we  live  in  a 
tolerably  fair  atmoBphere.  To  try  tho  experiment  the  bottle  must 
be  very  wide  mouthed,  so  that  we  can  put  into  it  a  rod  covered  with 
clean  linen,  and  rub  the  sides  dry  and  clean  ;  we  must  then  fill  it 
with  the  air  of  the  place,  either  by  blowing  in  air  with  a  bellows,  or, 
better,  drawing  the  air  oat  with  a  pomp,  allowing  that  of  the  place 
to  enter,  or  putting  a  glass  or  caoutchouc  tube  into  the  bottle  and 
inhaling  the  air  out  of  the  bottle,  ao  that  fresh  may  enter.  Ko  way 
is  more  esact  than  this,  if  care  is  taken  not  to  breathe  into  the 
bottJe. 

"  This  care  is  not  at  all  difficult  to  take,  and  no  amount  of  apparatus 
can  be  more  accorata  than  this  method,  if  done  intelligently.     If 
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the  Blighteet  amonnti  of  breath  goes  into  the  bottle  fbo  prooMB  of 
rabbing  clean  ftnd  drjing  must  be  nndertalcen  anew. 

"  When  the  bottle  is  filled  wi til  the  air  of  the  place  to  be  examined, 
add  the  half  ounce  of  btuyta  water,  pat  on  the  stopper  and  ehalce. 
If  there  is  no  precipitate  the  air  is  not  worse  than  '04  per  cent. 
When  it  is  desired  to  ascertain  if  it  really  contains  as  much  as  '0^ 
then  a  bottle  holding  7*06  onnoea  must  be  osed." 


li 


PnOFESSOR  PETTEyROFEB  S  METHOD  Or  BSTOUTtKd   THE    tUODHT   OF 
CARBONIC  ACID   IN  THE  AIB. 

This  method  is  explained  by  Dr.  Parkes,  in  his  Praelkat  Hyglenr, 
in  the  following  words : — 

"  A  glass  vessel  is  taken  capable  of  holding  from  half  a  gullon  to 
one  and  a  half  gallona.  The  capacity  is  det^nnioed  bj  tilling  it  with 
wat«r,  and  by  measuring  the  contents  by  means  of  a  litre  or  pint 
measnre  (1  oz.  =  1-733  cabic  inches).  The  vessel  ia  thoroaghly  dried 
and  is  then  6Iled  with  the  air  to  be  examined,  which  is  most  readily 
done  by  pumping  in  the  air  with  a  bellows.  When  thisia  done  60  0.0- 
of  clear  lime  or  baryta  water  are  put  in,  and  the  month  is  closed  with 
an  indiarubber  ca|i.  The  vessel  is  agitated  so  that  the  lime  water 
may  run  over  the  sides  and  then  is  left  to  stand  for  not  less  than  six 
or  eight  hoars  and  not  more  than  24  hours.  The  carbonic  acid  is 
absorbed  by  the  lime  or  baryta  wat«r,  and,  conseqnently,  the  canstieity 
of  these  fluids  is,  pro  tank;  lesaened.  If  the  causticity  of  the  lime  or 
baryta  is  known  before  and  after  it  has  been  placed  in  the  vessel,  the 
difference  will  give  the  amount  of  lime  or  baryta  which  bas  become 
united  with  carbonic  acid. 

"  The  causticity  of  lime  is  determined  by  means  of  a  solution  of 
crystallized  oxalic  acid.  If  2'2.5  grammes  of  crystallized  0C6  +  3Ai;) 
are  dissolved  in  one  litre  of  water,  one  C.C.  will  exactly  neutralise 
one  milligramme  ('001  gramme)  of  lime;  30  C.C.  of  lime  water  are 
taken  and  exactly  neutralised  j  good  turmeric  paper  is  tho  best  plaa 
for  determining  the  exact  point  of  neutralisation  and  the  margin  of 
the  drop  gives  the  most  delicate  indication.  The  amount  of  lime  in 
the  30  C.C.  is  then  equal  to  the  number  of  C.C.  of  oxalic  avid  osed ; 
it  is  always  somewhere  between  34  and  39  milligrammes. 

"After  the  lime  has  absorbed  the  carbonic  acid  of  the  air  in 
the  vessel,  30  C.C.  of  the  solntioa  are  taken  out  and  neutraliaed  by 
oxalic  acid  ;  the  difference  between  the  first  and  second  operations  is 
doubled  (to  account  for  the  30  C.C.  left  in  tlie  vessel,  60  being  atwayp 
put  in  to  allow  30  to  be  taken  out,  and  also  to  allow  a  repetition  of 
the  experiment  if  necessai-y).     This  gives  the  amount  of  lime  which 
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hsa  oorabined  with  carbonic  acid,  and  the  Funoant  of  tbe  latter  ia 
known  by  simply  calculating  accoruing  to  the  atomic  freights  and 
then  converting  weight  into  meaaoro.  This  is  done  by  moltiplying 
by  '39521.  The  capacity  of  the  vosael  being  knowu,  the  amount 
of  COj  ia  calculated  for  1000  volBmes  by  simple  rule  of  three.  From 
the  capacity  60  C.C.  moat  be  deducted  to  account  for  the  lime  wat«r 

"  A  Qorrection  must  be  alao  made  for  temperature.     The  standard 

temperature  being  62%  if  the  air  of  the  room  which  is  examined  be 
below  this,  the  quantity  of  air  actually  acted  upon  will  neceasarily 
be  greater  from  condensation  than  would  hare  been  the  case  had  the 
air  been  warmer ;  and  conversely,  if  the  temperatare  be  higher  than 
62",  a  less  quantity  of  air  muat  have  been  operated  on  than  would 
have  hoen  the  caae  had  the  air  been  at  the  lower  temperatare, 
viz.,  62".  This  error  is  corrected  by  multiplying  ■Cm}20361  (the 
co-efficient  of  expansion  of  air  for  1°  Pahr,)  by  the  difference 
between  62°ftud  the  observed  temperature,  and  then  by  the  capoci^ 
of  the  veaacl,  and  adding  the  product  to  the  capacity  if  the  tempesA- 
ture  be  below  62°,  and  anbtractiug  it  if  it  be  above  62°. 

"  A  correction  for  pressure  is  not  necessary  unless  the  plaoe  of 
observation  be  much  removed  from  sea  level ;  in  that  case  the 
barometer  must  be  observed  and  a  rale  of  three  stated. 


'  As  standard  height  1    ,    (  observed  height 


]-{°' 


:  capacity 


"  Baryta  water  may  be  used  uiKteiid  oF  lime  water,  but  it  moat  bs 
free  fi-om  tracea  of  potaah  or  soda." 
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I  TH8   BFFECTS  ( 


[ER  OH  THE  ANIMAL  ECONOHT. 


[Bxlract  from,  the   Report   of  Dr.   Hnffman   and   Profeteor   JBlyth, 
ttildretged  hj  tito  Qencral  Board  of  Health  in  1856.] 

"  Very  little  is  known  of  tlie  natare  of  the  ill-defined  BobBtancee 
wLich  constitute  tbo  organic  matter  gQacrally  found  in  water. 

"Beraeliua  distinguiabes  two  aubstances— crenio  and  apocronio 
acids — wliich  Blightl;  difiei'  in  their  ohtmical  deportment;  but 
these  two  bodies  are  as  j^et  scarculy  chemically  examined,  and  mQck 
doubt  still  hanga  over  their  individuality,  and  even  over  their  eiist- 
ence.  The  organic  matter  in  water  has  been  divided  into  nitrogenous 
and  non-nitrogenons  matter;  bat  all  we  know  ia  that  certain 
varieties  of  the  organio  matter  fonnd  in  water  contain  nitrogen, 
which  is  readily  shown  by  treating  them  with  hydrate  of  potash, 
when  abundance  of  ammonia  is  evolved. 

"  The  opinions  of  chemists  are  divided  as  to  the  manner  in  which 
organic  matter  in  water  is  capable,  under  certain  conditions,  of  pro- 
dacing  a  deletenona  efiect  upon  the  animal  economy.  Bnl  it  is  now 
generally  admitted  that  the  substances  which  constitute  the  organic 
matter  of  water  act  injuriously,  by  no  means  in  consequence  of 
being  poisonous  themselvesi,  but  by  undergoing  those  great  pro- 
cesses of  transformation  called  decay  and  putrefaction,  to  which  all 
vegetable  and  animal  matter  is  Bubject,  when  no  longer  under  the 
control  of  vitality,  either  in  plants  or  animals.  Those  putrefactive 
processes  either  give  rise  to  the  formation  of  poisonooa  bodies,  or 
they  act  simply  as  ferments,  generating  similar  processes  of  deoom- 
position  in  the  substances  composing  tbo  animal  organism.  Now, 
with  special  reference  to  the  last  mode  of  action,  it  is  well  established 
by  general  experience  that  nitrogenous  substances  are  infinitely 
more  liable  to  undergo  putrefaction  than  organic  bodies  from  which 
nitrogen  is  absent,  And  hence  the  very  general  and  correct  opinion 
that  the  deleterious  character  of  organic  matter  in  water  is  propor- 
tionate to  the  amount  of  nitrogen  which  it  contains- 

"  Could  this  nitrogen  be  estimated  with  any  degree  of  accuracy, 
such  an  estimate  would  certainly  afford  the  most  satisfactory  element 
ia  the  examinatioii  of  the  organic  matter- 
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*'  Unfortimatslr,  this  estimate  is  attended  with  rery  oonndaiUa 
difflcolties.  The  nitrogen  of  the  organic  matter,  which  has  under- 
gone pntrefaotion,  and  baa  therefore  oeaaed  to  be  deleterious,  remaiu 
in  the  water — partly  as  ammonia,  partly  aa  nitrio  acid.  It  wonU, 
therefore,  by  no  means  be  anffioient  to  evaporate  the  w«ter,  and  to 
determine  the  amount  of  nitavgen  in  the  reaidne.  It  wonid  be  abae- 
Intely  necesBary  to  estimate  also  the  nitrogen  present  in  the  form  at 
nitric  acid,  and  of  ammonia,  and  only  ader  the  deduction  of  their 
joint  amaant  from  the  total  amonnt,  nambere  wonld  be  obtained 
which,  representing  the  qnantity  of  still  patrescible  nitrogenoos 
anbstancea,  woald  afford,  within  certain  limits,  the  necessary  data 
for  a  comparison  of  the  organic  matter  preaent  in  difierent  waters." 


APPEKDIX   D. 


IXPLiKlIIOK    or    DB.     FBAHELAHD'b    UBTHOD    OF    ASCBBTiJNIIia    THB 
QUALnT  OF  WATER  USED   fOS.  DOMESTIC   FDBFOSSa. 

The  following  extract  from  "  Engineering  "  ia  aa  aoooimt  of  Dr. 
Frankland'a  method  of  aacertaining  the  qnality  of  water  for  domeetio 
pnrpoaea ; — 

"  Directing  Im  attention  chiefly  to  the  amoant  and  nature  of  fhe 
dissolved  organic  substance — to  the  consideration  of  which  it  hss 
long  been  perceived  that  the  qneation  of  wbolesomenesB  is  limited — 
he  (Dr.  Frankland)  first  ascertained,  and  proved,  that  the  resalte 
obtained  by  methods  then  in  nse  were  either  defective  or  erroneons, 
and  in  reality  afibrded  only  an  increased  faciliT:;  for  guessing  whether 
water  was  wholesome  or  not.  To  meet  his  difficulty,  Prof.  Prankland 
devised  a  plan  by  which  carbon  and  nitrogen,  the  two  most  important 
constitnenta  of  the  organic  substance  in  water,  conld  be  determined ; 
and  guided  by  the  fact  that  so  far  as  the  nitrogonons  animal  sub- 
stances introduced  into  water  by  sewage  contamination  might  remain 
undecomposed,  they  were  moat  likely  to  communicate  unwholesome 
characters,  he  made  those  determinations  the  basis  forjudging  as  to 
the  quality  of  the  water.  Ho  also  supplemented  that  plan  by  a 
determi nation  of  the  nitrogen  present  in  the  water  as  nitrirea, 
nitrat«s,  and  ammonia;  for,  since  those  are  the  products  into  which 
tiie  nitrogenous  animal  substances  in  sewage  are  converted  by  the 
self- purifying  action  of  the  flowing  water  with  which  it  is  diluted  in 
a  river,  their  amount  would  indicat*  the  extent  to  which  the  purifica- 
tion had  advanced.  By  this  means  four  results  were  obtained ;  in 
the  first  place,  the  total  amount  of  combined  nitrogen  in  the  water 
would  indicate  to  some  extent  the  original  sewage  contamination, 
when  the  amount  of  combined  nitrogen  in  sewage  was  taken  into 
account.  Of  that  total  amount  of  nitrogen,  the  portion  existing  in 
undecomposed  organic  substance  would  be  a  measure  of  the  sewage 
admixture  which  had  not  nudergono  conversion  into  products  of  a 
harmless  nature,  and  it  would  servo  to  indicate  the  relative  degrees 
of  purity  and  wholeaomeness  of  the  water.  If  the  amount  of  this 
organic  nitrogen  in  water  did  not  exoeed  ^g  of  a  grain  per  galloa, 


coirespoading  to  an  unaltered  sewage  coBtanunation  of  about  '5  p 
ceut.,  such  a  reanlt  might  bo  disregarded  as  being  little  above  ti 
avera^  amount  of  experimental  error,  but  ia  the  event  of  larg 
amounts  of  organic  nitrogen  being  found,  there  fvoald  be  got 
reason  for  suspecting  the  quality  of  the  water.  A  furtber  mdicstit 
of  the  degree  of  purity  is  furnished  by  ascertaining-  the  amoiut  < 
ammonia,  which  ia  a  product  of  the  putrefactiTC  decomposition  < 
the  animal  substance  in  sewage,  and  in  water  of  good  qnalitr  tk 
should  not  amount  to  more  than  about  -^^  of  a  grain  per  galln 
The  estimation  of  the  nitrogen  existing  in  the  state  of  nitrites  ui 
nitrates  does  not  afford  any  direct  indication  aa  to  the  quality « 
water,  but  it  is  useful  chiefly  in  revealing  the  probable  hiatory  of  tfc 
water,  and  the  extent  to  which  the  nitrogenous  animal  sabstancceo 
the  sewage  or  manure,  with  which  it  may  have  lieen  previoasljr  con 
taminated,  ha?e  undergone  conversion  into  those  harmless  prodaeb 
At  the  same  time,  if  the  presence  of  a  very  large  amonnt  of  nitragei 
in  this  form  indicates  a  considerable  previous  sewage  or  maaun 
contamination,  amaanting,  say,  to  5  per  cent,  or  more,  there  is  thei 
reason  to  saspcct  the  quality  of  the  water,  since  there  iroald  be  t 
possibility  that  some  of  the  deleterions  contents  of  the  seww 
admixture  might  still  remain  in  the  water  and  be  capable  of  caanni 
mischief.  If,  at  the  same  time,  the  water  contained  mach  orgaoii 
nitrogen,  there  would  be  ample  reason  for  declaring  it  unfit  foi 
dietetic  use.  Apart  from  certain  niinntiie  in  the  shape  of  oorrectioDa 
to  allow  for  ammonia,  nitrites  and  nitrates,  originating  &oai  ntit 
water,  these  are  the  chief  features  of  Dr.  Prankland's  method  <A 
determining  the  quality  of  water,  and  it  is,  beyond  question,  ttu 
only  one  yet  devised  that  has  been  tested  on  any  considerable  aoal^ 
and  that  has  been  found  capable  of  indicating,  with  any  claim  td 
ecientifio  predaion,  the  history  and  actual  oondition  of  wat«r  intended 
for  domestic  use." 
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RAINFALL  AT   BEDMIBES    (SHEFFIELD). 

Table  showing  the  three  consecative  months  in  each  year  for  32 
years  in  which  the  maximum  and  minimum  of  rain  fell. 

{BxtraeUdJivm  Minute$  qf  Ev%dsne9  givtn  h^ore  Royal  Commiuion  <m  WaUr  Sujpply.) 


Year. 

Miniinnm. 

Maximum. 

Total 
Call  per  year. 

1886 

inohes. 
April 
May 
June            ...  6'276 

inohes. 

February 

March          ...  17*160 

46*276 

1837 

Murch 

April 

May             ...  4*816 

October 
Novraaber 
December    ...  12*680 

88*626 

1888 

January 

February 

Maroh          ...  6*686 

May 
June 
July              ...  18*960 

40*600 

1888 

Maroh 

April 

May             ...  6*600 

July 

August 

September  ...  20*906 

49*266 

1810 

February 

March 

AprU            ...  6*080 

September 

October 

November  ...  12*675 

40*870 

1811 

February 

Maroh 

April            ...  6*120 

May 
June 
July              ...  14*656 

46*840 

1848 

April 

May 

June            ...  6*870 

September 

October 

November  ...  10*410 

88*776 

1813 

July 

August 

September  ...  7*780 

June           ...  16*870 

48*646 

1844 

April 

May 

June            ...  8*600     ^ 

July 

August 

September  ...  11*990 

80*146 

1846 

February 

Maroh 

April            ...  7*010 

August 

September 

October       ...  14*800 

46*860 

1846 

May 
June 
July             ...  B*460 

June            ...  18*180 

89*706 

1847 

January 

February 

March         ...  6*616 

October 
November 
December   ...  18*888 

89-606 

- 
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r 

BUDlmnm. 

II»ximmii. 

^^^H 

Uueh             inobM. 

r    ... .« 

ABgnit 

UUShM. 
,    17-010 

mm 

r 

Mucb 

April             „.  t-MO 

October 

.  U-MC 

1     ^ 

lua 

itwcli 

J°iy 

K"     ...  ™. 

Sc'piember 

.Il'«» 

M- 

mi 

DBoembiir    ,..  B*OM 

Jaly 

.  U-«M 

J 

isn 

May             ...  3-S6B 

B^Mmber 

■ 

NoTBmber 

.  ir-M» 

M 

1U9 

Febnury 

J^""          ...  SMO 

s.. 

.  It-H« 

] 

1S64 

Miirch 

MW              -..  S-000 

OclobCT 

.  H-WS 

1 

1««S 

Febrawy 

OMobw 

.     BWn 

mwt 

18H 

Febrnuy 

Msrth          ...  7-ao 

AognM 
OtiUbeT 

171» 

mm 

1M7 

October 

aF 

II 7B0 

4 

IBU 

Fohroiiy 

Munli          ...  S'7M 

a°^mber 
OeWbar 

.  IJMO 

3 

IBM 

I-obniaiy 

Much          ...  S-BU 

April              ...   B-l» 

Auput 
October 

is'iw 

i 

mi 

October        ...  S'M) 

Pebroiry 
April 

ISMO 

im 

lUrch 

H«a. 

4iraM 

1W3 

Febrn»ry 

Aogiigl 

iiaw 

^ 

lS«      .....n. 

oxrr 

u-sw 

tl'M 

1 

Mky 

jSS''               ...  •■8» 

October 

ll'U» 

1 
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Year. 

Minimam. 

Mazimtun* 

Total 
fkll  per  year. 

1866 

March             inches. 

April 

May              ...  6*136 

Jnne 
July 
AnfTost 

inches. 
...  U-4M 

inches. 
47*726 

1867 

October 
November 
December    ...  7*710 

III 

...  12*706 

38-860 

1868 

May 

June 

July             ...  2*235 

lExtract/r 


n  Ike  Bepori  of  Mr.  Veacon,  C.E.,  Borough  a 
En;jine&r  of  Liverpool,  July,  lft75.J 


AB  TO  THB   STHFATHT   BETWEEN  THE   EXISTIKO    PUBUC   WSUA. 

"  1. — In  September,  1866,  an  additional  well  bavin^f  be«n  mnl 
Bootle,  the  yield  of  that  etation  was  increased  (rom  631,66( 
1,462,000  gallons  per  day,  bat  in  conscqnenco  of  this  incnmae 
lerel  of  the  water  in  Green  Lane  Well,  Sj  miles  distant,  f^  I 
feet,  while  the  former  rate  of  yield,  via.,  2,956,000  galloas  per  > 
conid  not  be  qaite  maintained. 

"  2.— In  October,  1870,  Dndlow  Lane  Well  was  bored  142  1 
and  the  yield  was  thereby  increased  from  ?71,500 
1,415,000  in  the  following  year,  but  in  drawing  this  'water  the  de 
in  the  well  tell  two  feet  three  inches  below  its  fornaer  level,  and 
yield  of  Green  Lane,  two  miles  distant,  was  at  the  same  ti 
reduced  from  3,741,000  (to  which  it  had  been  raised  by  b  new  » 
and  additional  bore-hole  sunk  in  1868-9)  to  3,580,000.  the  IotoI  <rfi 
water  in  the  well  being  the  same  in  both  cases. 

"  3. — In  Febrnaty,  1872,  on  the  recommendation  of  the  Medi 
Officer  of  Health,  the  pumping  at  Dndlow  I^ne  ceased.  Theyii 
being  thna  reduced  from  1,415,000  to  nil. 

"  After  six  months'  time  the  yield  from  Green  Lane  b 
inoreaaed  from  3,580,000  to  3,667.000,  the  level  of  the  water  in  1 
well  being  the  same  in  each  case. 

"  4. — In  May,  1873,  the  pnmping  at  Dudlow  Lane  was  resnoi 
bat  with  the  water  standing  in  the  well  31  feet  3  inches  higher  th 
formerly,  and  the  yield  proved  to  bo  only  1,183,857. 

"  From  the  same  level  in  Green  Lane  Well  at  irhi 
3,580,000  gallons  were  drawn  prior  to  the  stoppage  of  Dndli 
Lane,  and  3,667,000  dnring  the  stoppage,  only  3,578.000  oould 
drawn  at  the  beginning  of  1875,  when  the  pnmping  at  Dndlow  Im 
had  been  resamed  for  some  time, 

"  Thus  the  water  capable  of  being  obtained  at  Green  Laae  w 
lees  at  the  beginning  of  this  year  than   in    1872,   althongh  ( 
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Dadlow  liiine  wat«r  was  pamped  from  a  level  31  feet  S  inchoe  higher 

than  formerty,  and  a  smaller  yield  obtained. 

"  This  fact  constitates  further  evidence  in  sapport  of  the  Btate- 
tnent  in  the  Engineer's  Report  of  Jnly,  1874,  with  reference  to 
the  dimiQiehing  yield  of  the  wells,  and  indicates  that  influences 
beyond  the  increased  pumping  at  other  public  wells  are  at  work  to 
produce  a  constant  dimination  of  the  yield  of  any  well,  when  the 
water  is  maintained  at  a  given  level. 

"  A3    TO    THK     DnilNiaaiKO    YIELD    OP    TKB     PUBLIC    WSLLB     IH 
THE     P4BT. 

"  In  hia  Report  of  July  16th,  1874,  the  Engineer  pointed  ont  a 
difficulty  in  eBtimating  the  actual  rate  of  diminntiou  of  the  yield  of 
each  well,  arising  from  the  fact  that  from  time  to  time  works  had 
been  executed  in  order  to  increase  the  supply,  while  bore-holes  had 
sometimes  been  closed,  and  at  other  times  opened,  so  that  the  yield 
of  any  well  under  precisely  similar  conditions  could  not  in  moat 
cases  be  readily  obtained. 

"  In  compliance  with  the  Water  Committee's  instmotious,  how- 
ever, he  made  anch  an  approximate  determination  of  the  rate  of 
diminntion  as  could  be  obtained  by  taking  the  difference  between 
the  respective  yields  in  those  few  cases  in  which  these  conditions 
were  at  different  periods  similar,  or  nearly  similar. 

"  The  matter  having  now  been  referred  to  the  Engineer  for  the 
particulars  upon  which  his  estimate  was  hased,  he  sabiaits  the 
following  examples  of  the  method  adopted  : — 


QftUoDl 

p.,™.,.„ 

C. 

(wriuiii. 

It.  ISaC  tad  qnkner.  WiuOlor  riaUM 

lff7JW 

lam.xis 

s;,;: 

!   ,, 

».7W.nt 

S'    1" 

i  " 

i,*oj,aie 

An    sllonuoa    lOr 

::l^iS.'!:-^rr'  :: 

•S  ■«;, }  «  . 

a  give  an  average  rate  of  diminntion  of  2  per  cent. 


"  Mimoipu  OmcEB, 

•' JtJ>j  lOth,  1875." 
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WATEB   BT  UaiB. 


[Extracted  from  th-e  S'^Oi  Bejtorf  of  the  Rivera  PoUwHon  OommiMwnen,] 

"  The  economy  wliicb  carbonate  of  soda  exhibits  ia  comparison 
with  aoap,  as  a  softening  agent,  is  far  surpasHed  by  the  gain  which 
results  from  the  use  of  lime  for  this  purpose.  The  latter  material 
cof>t3  only  about  8d.  per  cwt.,  aJid  this  weight  of  lime  will  do  thn 
work  of  20^  cwte.  of  aoap  in  softening  hard  wat«r.  To  aoftea  a 
quantity  of  hard  water  which  requires  one  cwt.  of  lime  the  foUowii^ 
would  be  the  weight  and  co»t  of  the  three  alternative  materialaa 
£  8.  d. 
1    cwt.  quicklime  ...  ...       0     0     8 

4<f  cwta.  carbonate  of  soda     2  17     9 

20i  cwta.  soap 4?    1     8 

"  There  is  thns  an  enormous  economy  in  the  nse  of  lime,  tmd  ii 
diflcovery  of  this  process  the  late  Dr.  Clark,  Professor  of  Chemistij 
in  the  University  of  Aberdeen,  conferred  a  valuable  boon  npon  the 
inhabitants  of  many  hard-water  district*.  Dr.  Clark's  patent  right 
has  expired,  and  the  pnfalic  are  therefore  free  to  nee  this  cheap  and 
simple  method  of  rendering  hard  water  suitable  for  washing  and 
cleansing  purposes.  The  process  is,  however,  only  applicable  to 
water  which  owes  its  hardness,  entirely  or  chiutly,  to  the  carbonate* 
of  lime  and  magncais.  {temjiorary  liardness).  Water  which  ia 
hardened  by  anlphnie  of  lime  or  sulphate  of  magnesia  (^permanatU 
kartbteae),  cannot  be  thus  softened,  but  any  water  which  softona  by 
boiling  for  half  an  hoar  will  be  softened  to  an  equal  extent  by  this 
method.  The  hard  water  derived  from  chalk,  limestone,  or  oolite 
districts  is  generally  well  adapted  for  it, 

"  The  following  is  Dr.  Clark's  own  account  of  the  process  (Jourruit 
of  th^  Society  of  Arts,  16tb  May.  18.5t))  :— 

"  *  In  order  to  explain  how  the  invention  operates,  it  will  be  necos- 
aary  to  glance  at  the  chemical  composition  and  some  of  the  chemical 
properties  of  chalk ;  for,  while  chalk  makes  up  the  great  bulk  of 
the  matter  to  be  separated,  chalk  also  contains  the  ingredient  that 
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of  burnt  lime  may  be 

than  iO  gallona.     The 

Lg  the  burning  of  the 

■bonic  acid  ore 

itnrally  volatile  and 


in  a  lime-kiln.     The   i 
in  any  quantity  of  water  not  lea 
rould  be  called  lime-vrater. 
chalk  to  convert  it  into  lime  the  seven  t 
driven  off      This  acid,  when  nucombined,  ii 

mild ;  it  is  the  same  aabstancc  that  farms  what  has  been  called  soda- 
Wftter,  when  disnolved  in  water  under  pressure. 

"  '  Now,  8o  very  sparingly  soluble  in  water  is  chalk  by  itself,  that 
probably  upwards  of  5,000  gallons  would  ho  neoesfiary  to  dissolve 
one  pound  of  It!  ounces,  but  by  combining  one  pound  of  chalk  in 
water  with  seven  ounces  additional  of  carbonic  acid,  that  is  to  say, 
as  much  more  carbonic  acid  as  the  chalk  itself  contains,  the  chalk 
readily  solable  in  wat«r,  and,  when  so  dissolved,  is  called 
bicarbonate  of  lime.  If  the  quantity  of  water  containing  the  c 
pound  of  chalk  with  seven  onnces  additional  of  carbonic  acid  w 
400  gallons,  the  solution  wonid  be  a  wnfer  of  the  same  hardness  as 
well  water  from  the  chalk  strata,  and  not  sensibly  different  in  other 
respects. 

"  '  Thus  it  appears  that  one  ponnd  of  chalk,  scarcely  solable  at  all 
in  water,  may  be  rendered  soluble  in  it  by  either  of  two  distinct 
chemical  changes,  soluble  by  being  deprived  entirely  of  its  carbonic 
acid,  when  it  was  capable  of  changing  water  into  lime  water,  and 
soluble  by  combining  with  a  second  dose  of  carbonic  acid,  making 
up  bicarbonate  of  lime. 

"  '  Now,  if  a  solntion  of  the  niee  ounces  of  burnt  lime,  farming 
lime-wat«r,  and  another  solntion  of  the  one  ponnd  of  chalk  and  the 
seven  ounces  of  carbonic  acid,  forming  bicarbonate  of  lime,  be  mixed 
together,  they  will  so  act  upon  each  other  as  to  restore  the  two 
pounds  of  chaik,  which  will,  after  the  mixture,  subside,  leaving  a 
bright  water  above.  This  water  will  be  free  from  bicarbonate  of  lime, 
free  from  burnt  lime,  and  free  from  chalk,  except  a  very  little,  which 
we  keep  out  of  account  at  present  for  the  sake  of  simplicity  in 
this  explanation.  The  following  table  will  show  what  occura  when 
this  mutual  action  takes  place  ; — 
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" 'A small residnnm  of  theohalk  always  reamins  not  aeparat«d  b 
process.  Of  17J  grains,  for  instance,  contained  in  a  gallon  of  water, 
only  16  grains  would  be  deposited,  and  I5  grnios  woald  remain.  In 
other  words,  water  with  I75  degrees  of  hardness  arising  from  chalk, 
can  be  redaccd  to  Ij  degrees,  bat  not  lower, 

"  '  These  erplanations  will  mnfce  it  easy  to  comprehend  the  sncoes- 
aive  parts  of  the  softening  process. 

" '  Supposing  it  was  a  moderate  qnantity  of  well-water  from  tlw 
chalk  strata  around  the  metropolis  that  we  had  to  soften,  say  400 
gallons.  This  quantity,  as  has  already  been  explained,  wonld  ooo- 
-  tain  one  pound  of  chalk,  and  wonld  fill  a  vessel  fonr  Feet  square  by 
fonr  feet  deep. 

" '  We  wonld  tako  nice  ounces  of  burnt  lime  made  from  soft  apper 
chalk;  wo  first  slack  it  into  a  hydrate  by  adding  a  little  water. 
When  this  is  done  wo  wonld  pnt  the  slacked  lime  into  the  vessel 
where  we  intend  to  softoa,  then  gradnaily  add  some  of  the  vnit«r  in 
order  to  form  lime-water.  For  this  purpose  at  least  40  gallons  are 
necessary,  but  we  may  add  water  gradually  till  we  have  added  thrioe 
as  much  as  this ;  afterwards  we  may  add  the  water  more  freely, 
taking  care  to  mix  intimately  the  water  and  the  lime-water  or  lime. 
Or  wo  might  provioaaly  form  saturated  lime-water,  which  is  very 
easy  to  form,  and  then  make  use  of  this  lime-water  instead  of  lime, 
putting  in  the  lime-water  first  and  addinjf  the  water  to  be  softened. 
The  proportion  in  tliis  case  would  be  one  bulk  of  hrae-water  to  10 
bulks  of  the  hard  water. 

"'It  is  of  importance  that  the  lime  or  lime-water,  that  is,  the  soften- 
ing ingredient,  be  pat  into  the  vessel  first,  and  the  hard  water 
gradually  added,  because  there  is  thus  an  excess  of  lime  present  np 
to  the  very  close  of  the  process,  and  tins  circumstance  is  found  to 
render  the  precipitation  of  the  carbonate  of  lime  produced  in  the 
process  more  easy. 

" '  But  what  you  will  wish  to  know  now  is,  by  what  mark  is  the 
■conductor  of  the  process  to  find  out  when  there  is  enough  of  water 
to  lake  up  the  last  of  the  excess  of  lime,  so  as  to  be  enough,  bnt  no 

"  'This  is  done  by  what  has  been  cnJled  the  silver  test,  the  only 
test  necessary  U>  the  operator  after  the  process  is  fairly  set  a-going 
This  teat  is  a  solution  of  nitrate  of  silver  in  twice- distilled  water,  in 
the  proportion  of  an  ounce  per  pint.  In  making  use  of  the  silver 
test  with  ordinary  waters,  we  get  a  white  precipitate,  but  if  the 
water  have  in  it  a  notable  excess  of  lime-water,  there  is  n  light 
reddish-brown  precipitate  produced,  but  if  the  excess  be  very  sligLt 
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This  B«port  was  Mnitten  24  years  ago,  and  the  iiiTeiitfon  of 
CUrk,  kaviog  stood  the  test,  of  that  period  of  time,  is  as  n 
approved  at  the  present  moment  as  it  was  then. 
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Object  of  Invention. 

The  ol^ect.  of  tliia  invention  is  to  regulate,  aatomaticuUj,  the 
quantity  of  sewage  or  other  liquid  which  may  bo  applied  to  land, 
either  for  the  purpose  of  ntiltsation  or  purification. 

One  of  the  most  prominent  difficulties  which  presents  itself  in 
the  ntilisation  nf  sewage,  ia  the  very  different  qutmtity  which  is  dis- 
charged from  sewers  at  different  times.  In  many  towns  and  villages 
the  flow  will  be  diminished,  at  certain  periods,  to  a  mere  dribble 
while  at  other  times  there  will  be  a  copioaa  discharge. 

Hence,  as  it  is  essential  to  economy  in  sewage  farming  that  the 
crops  should  receive  only  that  quantity  of  sewage  which  will  pro- 
duce the  most  fruitful  growth,  and  as  it  is  equally  essential  to 
snccoss  in  intermittent  filtration  that  the  soil  used  to  purify  the  sew- 
age should  receive  only  the  quantity  which  It  is  capable  of  purify- 
ing, it  becomes  almost  a  necessity  to  have  a  means  of  rcgalating  the 
quantity  of  sewage  to  be  dealt  with. 

"The  Self-Acting  Sewage  Regulator"  performs  this  service  in 
the  most  simple  and  perfect  manner,  during  the  night,  as  well  as 
during  the  day,  and  without  any  anperrision.  The  sewage  ia  made 
to  flow  into  a  tank  of  such  capacity,  that  when  the  liquid  rises  to  a 
given  level,  the  tank  holds  the  precise  quantity  it  is  desired  to  de- 
liver to  a  certain  area  of  land  at  one  time.  This  tank — called  "the 
meter  tank" — is  provided  with  a  syphon  outlet,  which  is  brought 
into  action  as  soon  as  the  liquid  rises  to  the  given  level.  When  this 
is  reached,  tlio  liquid  flowsout  of  the  tank  ("  automatically")  throogh 
the  syphon,  and  continues  flowing  until  the  level  of  the  liquid  in  Uie 
tank  has  fallen  to  the  inlet  mouth  of  the  syphon,  when  air  is 
drawn  or  admitted  into  the  syphon,  and  the  discharge  ceases.  The 
sewage  Howing  into  the  tank  then  commences  to  fill  it  again — slowly 
or  quickly,  aocording  to  the  rate  of  influx — and  as  soon  as  it  is  full, 
the  automatic  discharge  will  be  repeated,  and  the  liquid  can  bo 
applied  either  to  the  same  area  of  land,  or  to  another,  ns  desired. 
2  s 


The  coarser  matterB  floating  in  tlic  sewage  are  intercepted 
separate  ohamber,   called  "the  intercepting  cLamber,"  before  th» 
meter  tank  in  reaehed — the  finer  particles  being  carried  forward 
with  the  liqnid  throngh  the  strainer,  into  the  meter  tank. 

If  it  be  desired  to  efiect  a  precipitation  of  these  Gner  particleia,  tha 
space  ill  the  meter  tank  below  the  inlet  month  of  the  syphon 
increased  in  depth,  bq  as  to  form  a  receptacle,  for  aiij  amoact  of 
deposit  which  it  may  be  determined  to  pvecipitate  and  consoUdatc. 
In  Buch  case  the  space  above  the  inlet  mouth  of  the  sjphoti  wilf  b« 
occupied  by  clarified  liqnid,  to  be  discharged  on  to  land  antoioaticHUy 
by  the  syplion,  as  already  described,  while  the  space  below  the  said 
inlet  month  will  serve  as  a  receptacle  for  the  deposit,  means  hidag 
provided  for  draining  off  the  liquid  with  which  the  precipitated  por- 
ticlcB  ni'c  mixed,  so  as  to  allow  of  the  coiiGolidatioa  of  the  deposit 
for  removal.  While  this  treatment  of  the  solid  portion  is  going  on, 
the  Bewogc  is  diverted  by  self-action  into  another  meter  tank. 

The  meter  tanks  are  multiplied  in  nnmber  according  to  the 
qnantity  of  sewage  uudeF  treatment  and  tlio  nse  to  which  the  pre- 
cipitated matter  is  to  bo  apphed.  Where  the  quantity  of  deposit  is 
trifling,  it  can  be  Hushed  out  from  the  meter  tank  periodically  witfa- 
ont  consolidation,  and  applied  directly  to  the  land. 

The  self-acting  sewage  regulator  is  applicable  to  small  towns  ftnd 
villages,  isolated  country  mansions,  asylums,  hospitals,  schools,  and 
other  public  buildings,  where  the  flow  of  sewage  is  not  only  vmri- 
able,  but  at  times  so  small  as  almost  to  prevent  its  even  diBtnbutioa 
over  land. 

No  night  labunr  is  necosBary.  Before  leaving  the  land,  the  mfm 
in  charge  of  the  sewage  need  only  "  set  his  stops"  in  the  carriers  EUid 
fnrrows  to  secnre  the  even  distribution  of  the  next  discharge  of 
sewage  over  the  precise  area  to  which  it  is  intended  it  should  be 
applied. 

The  simplicity  of  the  invention  will  be  manifest  from  thia  d«scrij^ 
tiou,  and  it  will  be  seen  that,  in  addition  to  regnlatiiig  the  qnantity 
of  sewage  automatically,  and  in  the  most  perfect  way,  the  syphon 
delivers  the  sewage  in  precisely  the  manner  most  suitable  for  irrigation 
or  intei'mittent  filtration — vie.,  at  a  gradually  decrea&ing  rate  of  dis- 
charge. Thus,  at  the  commencement  of  the  action  of  the  sfphooi, 
when  the  carriers  are  empty,  the  hmd  dry,  and  the  absorption  of 
sewage  rapid,  the  discharge  is  rapid  ;  and  at  the  end  of  the  acUon, 
when  the  cai-riers  are  full,  the  laud  wet,  and  the  absorption  of  vew- 
age  comparatively  slow,  the  diaohorge  is  bIow, 
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KXTEiCT  from  the  Report  of  Mr.  NL'tton  Radcli£Fe,  Medical  Inepector 
of  the  Local  Government  Eonrd,  upon  "  Certain  Meana  of  Prc- 
ventbg  Excrement  NuisaDCes  in  Towns  and  Villagea,"  (See 
Supplemental  Report  of  the  Medical  Officer  of  the  Local  Govern- 
ment Board  and  Privy  Coancil.     New  Series.    Port  II.  1874.) 

"  The  same  difficalties  have  been  eKporienccd  in  dealing  with  and 
utilising  readily,  economically,  and  inoffensively,  the  liquid  hor 

ofviHageBBJid  towns,  as  with  that  of  separate  honses,  andfrom 
oanses,  the  ordinary  insignificance,  and  occasional  iiregn- 
laritiea  of  flow.  To  meet  these  difficnltiea  Measra.  Bailey  Denton 
and  Field  have  designed  a  tank  termed  by  them  '  The  Automatic 
Sewage  Meter,'  which  is  conatrncted  on  tho  aame  principles  as  Mr. 
Field's  self-acting  flash-tank.  This  '  meter'  provides  for  tho  nccn- 
mnlation  of  the  liquid  refnae  and  for  its  automatic  discharge  at 
definite  iutervals,  in  quantities  admitting  of  distribution  over  land 
by  gravitation,  for  purposes  of  irrigation.  A  meter  of  this  kind  has 
been  in  use  about  throe  years  in  the  hamlet  of  Eastwick,  near  Lea- 
therhead,  in  Surrey,  and  ita  operation,  particularly  as  part  of  the 
sanitary  aiTangements  of  the  village,  may  there  be  studied  very 
usefully. 

"  Eastwick  is  a  hamlet  of  thirteen  honses,  including  the  mansion 
of  tho  proprietor  aod  the  farm  homestead ;  and  it  has  a  population 
of  about  145.  In  devising  a  system  of  csorement  and  slop  disposal 
for  the  place,  any  general  plan  of  water  sewage  had  to  be  set  aside, 
the  water  supply  derived  fi-om  wells  being  variable  in  quantity,  and 
at  no  time  too  ahnnchmt  for  ordinary  domestic  nae,  irrespective  of 
water- cloae ta.  The  common  privy  was  retained  for  tho  cottages,  but 
tho  privy-pit  was  converted  into  a  water-tight  receptacle  beneath 
tlie  floor  of  tho  closet,  and  tho  eottngera  were  instructed  to  throw  into 
it  above  tho  excrement  the  refuse  ashes,  and  to  remove  the  contents 
of  the  pit  monthly  for  use  in  their  gardens.  Four  wator-cloaotB 
exist  and  five  earth-closeta  for  the  use  of  the  mansion  and  its  pre- 
cincts ;  and  the  water-closet  and  three  eartb-eluseta  for  tho  use  of  tho 
fKrm  homeatead.  To  provide  fur  the  liriuid  house  refnso  of  the 
hamlet,  and  for  the  drainage  of  the  farm  buildings,  tho  schemo  of 
sewage  was  carried  out  by  Mr.  Bailey  Denton,  and  which  has  an 
outlet  ill  a  meter  tank."     (See  Di-awings  II.  and  III.  Appendix.) 

"  The  tank  is  in  two  conipartmentj?,  to  admit  of  cleansing  without 
entire  disuse.    It  bas  a  capacity  of  500  gallons,  and  it  fills  and  dis* 


charges  in  ordinary  dry  weather  three  times  in  two  dnys.  The  s 
diBcharges  are  directed  sncceBsively  on  different  portions  of  i 
of  gronud  prepared  for  the  purpose,  and  which  measoriug'  three 
three  perches  serves  ordinarily  for  the  effective  and  profitable 
sation  of  the  whole  liquid  refuse  of  the  several  cottages,  the  mai 
and  the  farmstead.  The  drainage  of  the  latter  iaclades  tlu 
from  cattle  sheds  and  stables,  in  which  from  fifteen  to  twenty  an 
aro  always  present,  and  about  thirty  head  of  liomed  cattle 
thirty  horses  at  intervals.  Tho  drainage  of  a  large  pi^bfy 
parses  to  the  tanks. 

"  Luxuriant  crops  have  been  grown  open  the  irrigated  land 
year's  crop  consisting  of  the  tboasand-headed  cabbage.  Ot 
crop,  Mr.  Hntchinson,  the  steward  of  the  estate,  says:  '  Be 
thriving  so  well  upon  tho  sewage,  it  is  an  excellent  food  for 
cows,  being  lesti  strong  iu  tasto  than  the  drumhead  and  not  hi 
any  bnt  a  good  effect  upon  the  milk.  The  thousand-head  can 
he  used  as  human  food.  £  estimate  tho  value  of  the  crops  obti 
at  25/.  per  annnm,  or  at  the  r.^te  of  SHI.  10s.  per  acre ;  and  tbe 
lay  iu  attendance  upon  the  land  and  the  regolator  ('  meter')  '. 
down  at  71.  168.' 

"  In  regard  to  abatement  of  slop  naisanee,  and  I  may  add 
largely  of  farm  nuisance,  among  a  raral  community,  the  arra 
mcnts  at  l^astwick  are  the  most  complete  and  satisfactory  I 
yet  seen.  Notwithstanding  tho  contiguity  of  the  irrigated  Ian 
nuisance  is  experienced  from  it,  whereas  prai 
to  the  present  arrangements,  when  the  slops  of  tho  manaioa 
cottages  foand  their  way  into  ncighboui-ing  ditches  and  dccomp 
there,  considerable  nuisance  had  existed.  With  some  stnio 
alterations  in  the  privies  (the  principles  of  which  are  stated  in 
proper  place  in  this  report)  and  such  needed  supervision  as  will 
be  obtained  from  the  sanitary  anthority  appointed  under  tbe  P\ 
Health  Act,  187S,  tbe  arrangements  at  Eastwick  may  be  rega 
as  a  pattern  to  be  followed  by  villages  and  small  towns  aim! 
circumstanced. 

"  From  what  has  already  been  said  it  may  be  inferred  that  tha 
toraatic  sewage  meter'  admits  of  wide  application  in  removing 
difficulties  which  often  beset  the  disposal  of  the  sewage  of  com 
nities  larger  than  Eastwick.  It  simplifies  the  whole  qnestio 
deahng  with  the  sewage  of  small  towns,  villages,  isolated  ins 
lions,  and  mansions,  while  securing  the  most  efficient  applicatit 
the  sewage  to  land,  both  for  purification  and  utilisation,  wiU 
least  expenditure  of  laboor."  "" 
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APPENDIX  I. 


DETAILS  OF  THE  QUANTITT  OF  EXCRETA  AND  REFUSE  MATERIAL  COLLECTED 
BY  MR.  ALDERMAN  TAYLOR's  SYSTEM  OF  SCAVENGING  AT  ROCHDALE,  AND 
THE  COST  THEREOF,  WITH  OTHER  PARTICULARS  OF  A  SIMILAR  SYSTEM 
ADOPTED  AT  THE  TOWNS  OF  WARRINGTON,  BIRMINGHAM,  NOTTINGHAM, 
AND  BLACKBURN. 

{Extracted  Jrom  the  Froeeedinga  of  the  Sewage  Conference  held  hy 

the  Society  of  Arts,  May,  1876.) 

BOCHDALE. 

At  Bochdale  "  the  namber  of  closets  at  this  date  is  5644,  and  the 
excreta  contained  in  these,  the  refose,  including  ashes,  from  the 
house,  are  sjstematicallj  collected  weekly,  or  oftener,  without  any 
notice  being  required  from  the  householder,  and  the  whole  is  utilised 
by  being  made  into  manure,  mortar,  cement,  or  fuel.  Thus  the 
whole  of  the  refrise  collected  is  utilised,  and  the  nuisance  of  a  tip 
obviated. 

"  The  quantities  collected  weekly  vary  as  the  system  is  extended. 
Last  week,  ending  April  12th,  the  quantities  were  118  tons  of 
excreta  and  208  tons  of  refuse  material,  from  an  estimated  popu- 
lation of  52,000,  and  the  weekly  cost  74Z.,  excluding  interest  and 
depreciation,  or  4s.  7^.  per  ton,  or  302.  per  1000.  The  total 
excreta  collected  last  year  was  5398  tons,  and  of  refuse  8652  tons. 
The  work  is  done  by  18  carters,  18  guards,  18  horses,  3  washers, 
1  labourer,  4  inspectors,  1  horsekeeper,  and  1  bookkeeper. 

"  On  the  manufisusture  there  are  employed  5  men  to  riddle  and 
wheel  away,  6  to  form  the  trenches  and  turn  over  the  manure,  2  to 
empty  the  vans,  2  labourers,  1  engineer,  1  foreman,  1  bookkeeper, 
the  weekly  cost  being  242.  The  product  of  the  manufiEicture  and 
separation  is  84  tons  of  manure,  120  tons  cinders,  and  8  tons  vege- 
table and  other  matter ;  the  value  being  842.  for  manure,  22.  for 
mortar,  and  22.  cinders,  for  sale. 

"To  the  whole  cost  of  collection  and  manu£a,cture,  and  sale, 
would  have  to  be  added  interest  and  depreciation. 
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"  The  mnclimery  at  present  iu  use  conaista  of  two  ateam  engine^ 
of  eight  and  fonr-horse  power  respectively,  a  riddle  for  siding  th« 
refnse,  &  mortar  mil),  &  boiler  for  CTitporation  of  arine,  n  small  Gin  for 
Tcntilation  and  blowing,  and  a  furnace  for  bumingthe  refbsc.  The 
capitiil  eapeniJed  is  for  buildings  and  machinery,  200^  ;  and  for 
horses,  vnns,  &c.,  19757.  The  monufacture  does  not  cause  acy 
nuiaaneo  outside  tbo  premises. 

"  The  mannro  made  by  the  process  detailed  will  be  of  an  aveiage 
tlieoretical  value  of  22s.  to  25s.  per  ton.  This  value  is  incrcaseil 
to  31.  or  any  intermediate  prico,  by  tho  addition  of  blood  manaiv, 
and  also  by  the  evaporation  of  urine  collected  irom  tlie  nrintils  of  tlio 
town.  This  has  not  been  done  largely,  but  will  soon  become  a  great 
addition  to  tho  strength.  The  ni-ino  is  mixed  with  snlpbnrio  acid, 
and  reduced  until  it  gives  by  analysis  10  per  cent  of  ammouin. 

"The  sanitary  improvement  is  undoabted,  as  shown  by  the 
diminished  death-rate.  Id  tho  six  years  previous  to  the  cooimonc^- 
raent  of  tho  system,  that  is  from  1864  lo  1869,  the  death-rate  was 
at  the  average  of  26'22.  In  the  last  six  years,  from  1870  to  1875. 
the  duath-ralo  has  been  reduced  to  23*67. 

"  The  state  and  yearly  progress  of  the  system  la  seen  in  the  Tabb 
below. 
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WAEllGfOTON. 

" Until  1872  tho  old  midden  system  was  in  use;  pail  system  has 
now  been  adopted  ;  about  2,200  pail-closets  now  employed  i  night- 
soil  mixed  with  ashes  and  sold  to  farmei's.  There  was  a  net  lois 
to  the  town  of  from.  600/.  to  700/.  in  disposing  of  the  nii^htaoil  in 
1875.  The  pail  system  has  been  found  to  bo  the  host  method  of 
disposing  of  the  nightsoil  in  this  locality. 
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**  Statement  showing  Cost  of  Working  the  Nightsoil  Branch  of  the  Sca- 
venging Department,  for  the  Year  ending  Slst  August,  1875. 

Dr.  £    8.  d.  Cr.  £      H.  d.  £    >.   d. 


By  Interest  on  6982L,  purchase  of 
land  for  d«>p6t,  and  weighing 
machine,  &o.,  at  6j!.  per  cent...      34  18    0 

„  Do.  on  798/.  for  purchase  of 
Tans,  horses.  Ac,  at  20  i>er 
cent 159  12    0 

„    "Wages  of  inspector 91    0    0 

„    Do.  of  nightsoil  men 10C4    4    0 

„  Cartage,  including  drivers' 
wages,  provender,  shoeing, 
hired  horses,  &o 1122    8    7 

„    Sundry  other  charges    91    o    0 


2563    2    7 


By  Cash    received     for 

nightsoil       1697    3  11 

„  Accounts  owing  for 
nightsoil,  3lst  Au- 
gust, 1875     876    0    0 

Estimated  value  of  night- 
soil at  dep6t 308    0    0 

2441    3  11 
DSDCCT  £  8.  d. 

Accounts  owing 
for  n!ghtsoll« 
August  31, 1.S74  3.jO  0  0 
Estimated  value 
of  nightsoil  at 
dep6t    at     the 

same  date 279  3  0 

029    3    0 


1812    0  11 

Not  cost  of  working  the  branch 751    1    8 

2563    2    7 


Selling  price  of  manure  at  the  works,  4s.  per  ton." 


Birmingham. 

At  Birmingham,  there  are  "  19,000  middens,  3,977  ash-tubs,  and 
9,184  pail-closets  on  the  Rochdale  system,  with  some  modifications ; 
nightsoil  mixed  with  ashes,  part  is  sold  to  farmers,  the  remainder 
is  deposited  at  depots  in  the  country.  Ashes,  when  collected,  are 
screened,  the  fine  ash  is  mixed  with  the  contents  of  excreta  vessels, 
the  mixture  is  then  sold  to  farmers  as  manure.  Gross  cost  of  deal- 
ing ,  with  nightsoil  in  1875,  35,301/.;  receipts,  6,795/.;  estimated 
expenditure  for  the  year  1876  for  scavenging,  repairing,  and  water- 
ing the  streets,  50,250/.,  of  which  amount  15,500/.  is  for  stone  for 
macadamising  purposes.  The  Rochdale  system  has  been  found  to 
be,  in  this  locality,  the  best  method  of  disposing  of  nightsoil. 

"  Mr.  J.  Netten  Radcliffe's  report  for  1874,  states ;  *  Pail  system 
introduced  May,  1873;  at  present  time  2,700  pail-closets  in  use; 
pails  changed  weekly;  manure  made  from  mixed  excrement  and 
fine  coal-ash,  sells  at  5/.  per  cart-load  of  from  24  to  25  tons;  27,644 
middonsteads  and  ash-pits  cleansed  in  1873 ;  163,142  loads  of  soil 
removed  ;  cost  24,000/.,  less  3,500/.  received  for  sale  of  part  of  re- 
moved material ;  estimated  cost  of  working  pail  system  in  the 
borough,  including  interest  on  capital  account  and  depreciation, 
would  not  exceed  cost  of  present  niglitsoil  scavenging  by  more  than 
2,000/.,  while  receipts  from  sale  of  manufactured  manure  and  rougli 
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ashes  would  realise  probably  18,000^.,  without  iuclnding  cost  of  n 

NorriNOHiM. 

At  Nottiugham,    where  there  are  about   3,766  tnb-cloacta  f 
6,000  middena  and  ash-pits,  the  nightsoil  is  "collected  and  sold  to| 
{armers  under  the  direction  of  the  officers  of  the  oorporation.  Ore 
cost  of  disposing  of  nightsoil  in  1875,  for  cleansing  priviee  and  n 
pits,  5,l>8i;.  1b.  4d. ;  for  tub-closeta.  1,731/.  12s.  4d. ;  for  purchase  o 
horses  and  plant,  8lbl.  JJs.  4d. ;  and  for  repairs,  560/.  11a.  3d. ; 
9,148/.  10b.  3d. ;  receipts,  4,284/.  19s.  8d,  i  cost  of  scavenging,  2,3( 
System  in  present  nse  not  objectionable  in  a  sanitary  sense,  fini 
cially  an  annual  loss.  It  is  hoped,  however,  that  when  present  'n 
mpjetcd,  expenses  will  be  reduced. 

"  Mr.  J.  Netten  Radclifle's  report  for  1874  states ;  '  Number  of 
pail-closets  2,510,  serving  for  the  use  of  4,516  houses.  This  form  of 
closet  is  now  regularly  adopted  in  the  old  town,  when  a  new  privy 
is  to  be  erected,  or  an  old  privy  to  be  reconstructed.  A  single 
is  used  for  excrement,  ashes,  and  dry  house  ri 

Qlacebdbn. 

At  Blaekburn  there  are  "15,770  pails;  ashes  mixed  with  nigb^  I 
soil  after  collection  and  sold   to  highest  bidder;  gross  cost  of  dis-  | 
posbg  of  nightsoil  in  1875,  5,641/.;  receipts,  773/,  178.  5d,; 
venging,  2,098/,  15s.  2d." 

Atr.  Bryan,  the  borongh  engineer  of  Blackburn,  stat«s,  howevei^  I 
that  in  that  town  this  system  of  collection  involves  "  a  most  abomin-  1 
able  stench." 
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NORWICH  WATER  WORKS  COMPANY. 

Bules  and  Begulations, 

"  1.  The  company  will,  at  their  own  cost,  lay  down  and  maintain 
all  the  lead  or  other  branches  extending  from  their  main  to  the  side 
of  the  public  highway  in  which  sUch  main  is  situate ;  and  will,  at 
their  own  cost,  carry  the  pipe  through  the  frontage  wall  (if  there 
be  one),  and  six  inches  beyond,  or  otherwise  equivalently  allow  fifteen 
inches  in  length  for  the  owner's  or  occupier's  plumber  to  connect 
his  work  ta 

"  2.  The  owner  or  occupier  must,  at  his  own  expense,  lay  down 
and  maintain  all  the  pipes  and  apparatus  upon  his  premises  or  for 
his  use,  and  of  the  sta?engths  and  descriptions,'  and  subject  to  the 
rules  following,  that  is  to  say : 

'^  A.  Such  pipes  must,  unless  otherwise  agreed,  be  of  lead,  and 
of  not  less  than  the  following  weight,  namely : 

in. 

* 

1 
li 

"  Note, — Owners  and  occupiers,  before  laying  on  the  water 
or  making  alterations  in  their  apparatus,  are  requested 
to  inquire  at  the  company's  offices,  the  sizes  of  the 
pipes  proper  to  be  used,  that  such  sizes  may  be  duly 
proportioned  to  the  pressure  of  water  in  the  com- 
pany's mains  in  the  district,  and  thus  useless  expense 
be  preyented. 

"  B.  The  drawing  (bib)  stop  and  ball-cocks  must  be  strong  and 
of  hard  brass,  and  the  better  to  secure  water-tightness,  of  the 
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kinds  &oin  time  to  time  sauclioned  und  approred  hy  the  oom- 
pany;  and  unless  and  until  due  notification  to  the  contnuy,  the 
drawing  cocks  canst  be  of  lljo  best  and  now  approved  kind  of 
tliusc  called  '  screw-down  cocks,'  as  manufactnred  I^  Measrs. 
Gnest  and  Cbrimcs,  and  Mosers.  Stocks,  Brothers,  and  Taylor, 
with  leather  feces  not  liiiblo  to  turn  on  the  seat;  and  in  courts  of 
houses  and  other  exposed  places,  must  bo  protccttid  by  an  irou 
casing,  and  bo  made  to  open  ivith  keys.  And  the  bnll-taps  must 
bo  of  tlio  bost  and  now  appi'oved  kind,  as  m.inafacturod  by 
Messre.  Lambert  nuil  Sons,  or  by  Mr.  George  Watson.  TSH 
otherwise  notified,  no  other  description  of  cock  mnst  be  nMH 
without  the  prerions  and  express  permission  of  the  company.     ^H 

"  C.  Every  cistern  must  bo  absolutely  water-tight,  and  be  Pm9 
Tided  wit)i  a  bull-cock,  and  proper  means  of  ooccsa  and  iniipcctioti, 
but  must  not  have  an  ovei'flow  or  wasl#-pipe ;  and  if  nny  such 
should  exist,  the  samo  must  be  removed,  or  efftsetually  and  per- 
manently closed  before  the  water  is  turned  on;  but  nevertheless, 
as  exceptional  instances  will  occaBionally  occur  in  which  it  will 
be  necessary  to  provide  against  the  posaibility  of  overfilling,  the 
company  will,  in  such  exceptional  instances,  allow  a  detective  or 
warning  pipe  to  be  attached  to  the  cistern,  provided  that  in  every 
such  case  a  written  consent  must  be  first  obtained  from  the  mn- 
nager  of  the  company,  stating  the  fact  of  such  consent,  and  the 
poaifion  in  which  the  detective  or  warning  pipe  mnst  be  fixed; 
and  in  every  aacli  case  the  work  mnst  bo  executed  under  the 
immediate  supi^riutendeuce  cf  an  officer  of  tlie  company,  and  in 
the  manner  stated.  On  no  account  whatever  can  the  water  of  tho 
company  be  allowed  lo  communicate  with  any  cistern  or  place  in- 
tended or  used  for  the  reception  of  raiu-water, 

"  D.  Wateb-Closf.ts. — Every  pan  closet  must  be  provided  with 
a  full  and  complete  apparatus,  comprising  a  ball-cock  and  n  ser- 
vice cistern,  fitted  with  a  boot  or  division,  to  be  carried  as  high 
as  the  top  of  the  cistern,  and  capable  of  containing  not  more  than 
one  Olid  a  half  gallons  of  water  when  filled  within  three  inches  of 
the  top,  and  two  proper  valves,  so  arranged  as  to  lot  down  not 
more  than  one  boot  or  division  full  of  water  at  each  pull,  or  bo 
capable  of  allowing  the  water  to  run  to  waste  either  by  intention 
or  neglect;  and  mnst  also  have  a  down  pipe  of  lead  from  the 
cistern  to  the  basin  of  not  leas  than  IJ  iii.  in  diameter,  and  weighing 
3  lbs.  to  the  yai'd  run;  and  a  proper  basin,  soatterer,  weighted 
lever,  pan,  trap,  and  other  appliances,  needful  to  prevent  Hnch 
waf«r-cIoaet  Irom  becoming  a  nuisance,  and  thereby  iodnving  rq 
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nndne  consumption  of  water;  and  the  valves  must  be  worked  by 
brass  rods  instead  of  by  wires  or  chains.  Every  self-acting,  or 
pnll-down  water-closet,  must  be  of  a  description  approved  by 
the  company,  and  mnst  have  either  a  lead  cistern  similar  to  a  pan 
closet,  or  a  double  valve  cast-iron  service  box,  of  a  kind  approved 
by  the  company,  and  fitted  with  a  proper  cover  to  screw  on,  and 
internal  apparatus  in  all  respects  similar  to  that  of  the  boot  of 
the  pan  closet  above  described,  and  a  similar  down  pipe  of  lead  or 
cast  iron,  and  must  have  a  proper  wide-rim  flushing  basin  and 
trap,  of  a  kind  approved  by  the  company.  No  wire  will  be  allowed 
to  be  used  in  the  construction  of  these  water-closets. 

"  The  cast-iron  double  valve  service  boxes  must  be  provided 
with  a  ball-tap  of  the  approved  kind,  and  of  half  an  inch  dia- 
meter where  the  pressure  is  less  than  40  feet  effective  head ;  of 
three- eights  of  an  inch  diameter  where  the  pressure  is  less  than 
70  feet  effective  head ;  and  a  ball- tap  of  a  quarter  of  an  inch  dia- 
meter where  the  pressure  is  more  than  70  feet  effective  head. 

"  Note, — No  pipe  will  be  suffered,  under  any  pretence 
whatever,  to  communicate  directly  or  indirectly  with 
the  basin,  or  trap,  or  otherwise  than  with  the  cistern 
or  service  box  of  a  water-closet  or  soil-pan,  and  the 
same  shall  be  so  constructed  and  used  as  to  prevent 
the  waste  or  undue  consamption  of  water,  and  the 
return  of  foul  air,  and  other  noisome  or  impure  matter, 
into  the  mains  or  other  pipes  of  the  company. 

"  E.  Every  bath  must  be  constructed  without  an  overflow  or 
waste  pipe,  and  must  be  provided  with  a  well-fitted  and  perfectly 
water-tight  apparatus,  to  prevent  the  water  from  flowing  into  and 
out  of  the  bath  at  the  same  time. 

"  F.  No  pipe  must  be  laid  through,  in,  or  into  any  sough, 
drain,  ash-pit,  manure  hole,  or  other  place,  from  which,  in  event 
of  decay  or  injury  to  such  pipe,  the  water  of  the  company  might 
be  liable  to  become  fouled,  or  to  escape  without  observation  or 
without  occasioning  the  necessity  of  immediate  repair.  In  every 
case  in  which  any  such  sough,  drain,  ash-pit,  manure  hole,  or 
other  place  as  aforesaid,  shall  be  in  the  unavoidable  course  of  the 
pipe,  such  pipe  shall  be  passed  through  an  exterior  cast-iron  pipe, 
or  box,  of  suJQBcient  length  and  strength  to  afford  due  protection 
to  the  water  pipe,  and  to  bring  any  leakage  or  waste  within  the 
means  of  easy  detection. 


^  pipe  and  apparatus  It 
of  the  consumer,  must  be  loapected  by  an  officer  of  the  compaaj 
before  it  is  connected  to  the  company's  works ;  and,  if  foond  not 
in  accordsjice  with  the  company's  regalutionB,  most  be  fortLwitfa 
removed  or  altered. 

"  H.  Eveiy  meter  (unless  otherwise  specially  agreed)  moat  be 
provided  with  a  separate  and  distinct  inlet  pipe,  leading  from  ths 
ir  other  pipe  of  the  company — upon  which  inlet  pipe  no 
stop-cock,  except  the  stop-cock  (if  any)  immediately  attached  to 
the  meter,  branch,  drawing  cock,  or  other  outlet,  leading  to  op 
connected  with  the  premises  for  the  supply  of  which  such  motorj 
vill  bo  permitted. 

"  3.  The  water  supplied  must  not  be  allowed  to  rnn  to  wast«^  " 
either  wilfally  or  by  neglect ;  nor  must  it  bo  nsed  for  any  other 
purpose,  or  to  any  greater  extent,  than  shall  have  been  agreed  for. 

"  4.  No  pipe  must  he  attached  to  the  works  of  the  eumpany,  or 
to  any  pipe  or  apparatus  connected  therewith ;  nor  must  any  altera- 
tion be  made  in  any  existing  pipe  or  apparatns,  without  due  notice 
being  given  to,  ami  the  consent  of  the  proper  officer  of  the  company 
being  first  obtained. 

"  5.  The  supply  and  use  of  water  for  the  purpose  of  trade  and 
manufacture,  must  be  open  to  inspection  and  admeasurement  when> 
ever  required ;  and  such  information  ranet  be  from  time  to  time 
afforded,  ns  wiU  be  snfficient  to  enable  the  company  to  obtain  a 
satisfiMitory  acconnt  of  the  quantity  of  water  actually  cousnmed ; 
and  of  the  pipes,  cocks,  cisterns,  and  other  apparatus,  and  conve- 
niences for  delivering,  receiving,  and  using  such  water. 

"  G.  The  company  will,  if,  and  when  so  desired,  execute  all  kinds 
of  plumbers'  work  couneeted  with  the  supply  of  water  to  their 
tenants,  but  are  nevertheless  desirons  that  the  private  business  of 
the  consumers  of  water  shall  be  open  to  all  the  plumbers  of  the  city ; 
as,  however,  it  is  essential  to  the  protection  of  the  interest  of  the 
consumers,  as  well  as  of  the  company,  that  such  work  shaU  be  well 
and  soundly  executod,  and  that  the  directors  of  the  Water  Worka 
company  shall  possess  a  full  and  satisfactory  knowledge  of  the  etata 
of  the  undertaking  in  nil  its  departments,  it  is  announced  that  no 
plumber  or  other  workman  will  be  allowed  to  do  or  perform  any 
work  connected  with  the  snpply  of  water,  till  he  shall  have  been  ad- 
mitted, enrolled,  and  published  by  the  directors,  as  "an  authorised 
water  works  plamber  ;"  and  shall  have  entered  into  a  written 
engagement  to  conform  to  and  comply  with  the  rules  and  regnl&> 


tionBof  the  company  in  relation  to  the  construction  and  manage- 
ment of  the  works  and  fittings  to  which  snch  rales  and  regulations 
shall  from  time  to  time  apply ;  and  all  responsible  master  plumbers 
on  expresBing  theii  willingness  to  comply  with  snch  rales  and  regn- 
latiODS,  will  be  admitted  immediately  on  signing  an  andertnking  to 
that  eBect.  tf  at  any  time  afterwards  any  such  plambcr  aboil  be 
found  guilty  of  wilfully  breaking  or  evading  tjie  said  mles  or  regu- 
lations, either  by  himself  or  his  workmen,  or  shall  refuse  to  com- 
mnnieate  any  information  required  of  him  iu  regard  to  any  work 
done  by  him,  or  his  workmen,  or  under  his  snperintendence,  or  on 
his  responsibility,  his  name  will  be  erased  from  the  list  of  "  autho- 
rised plumbers,"  and  will  be  forthwith  adyertised  as  having  been  so 
struck  off. 

"  7.  No  person  ia  to  be  employed  in  or  about  the  water  works, 
or  any  pipe  or  apparatus  conuected  therewith,  who  has  not  been  ad- 
mitted "an  authonsed  plumber,"  or  whoso  name  shall  have  been 
struck  off  the  list  as  aforesaid. 

"  8.  The  company  will  pay  a  reward  of  twenty  shillings  to  any 
person  who  will  give  such  information  as  shall  lead  to  the  conviction 
of  any  person  who  shall  fraudulently  attach  any  pipe  or  pipes  to  the 
pipes  of  the  company ;  or  to  any  pipe,  cibtern,  or  apparatus  con- 
nected therewith;  or  to  or  into  which  the  water  of  the  company 
shall  flow  or  proceed ;  or  who  shall  fraudulently  use  or  otherwise 
misappropriate  the  water  of  the  company,  or  who  shall  knowingly 
permit  the  same  to  be  fraudulently  used  or  otherwise  misappro- 
priated. 

"  9.  The  coiupaay  will  also  adequately  remunerate  any  person 
who  will  communicate  timely  information  to  their  officers,  of  any 
leaki^s  or  wastes  of  water,  and  whether  the  same  be  accidentally, 
negligently,  or  wilfully  occasioned  or  suffered. 

"  10,  The  company  do  not  permit  their  officers,  servfluta,  work- 
men, or  agents  to  solicit  or  receive  any  fee  or  gratuity  whatsoever, 
and  desire  to  be  informed  with  respect  to  any  infraction  of  this 
regulation ;  and  also  in  respect  to  any  act  of  incivility,  or  any  neglect 
of  attention  on  the  part  of  such  officers,  servants,  workmen,  and 
agents,  or  any  of  them." 
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MAUCHfiSTBE  COEPORATIOH  WATIH  WOEKB. 

General  Imtruetions  to  Authoriied  Plumbtrt. 

"  1,  PcreonB  requiring  &  supply  of  water  must,  in  the  first  in- 
stance, obtain  from  tho  euperiatendent  or  other  authorised  officer  of 
tbe  water  works  conitiiittee  instructions  as  to  the  proper  point  for 
the  introduction  of  the  water  on  to  the  premises.  Such  persons 
must  at  their  own  cost  provide,  la^  down,  and  maintain  all  service 
pipes  and  fittings  which  may  be  required  within  their  premises, 
including  one  foot  of  lead  service  piping  beyond  the  boundary 
thereof. 

"  2.  In  case  the  service  pipes  are  of  lead,  they  are  required  to  be 
of  the  following  strength,  viz : 


(-}  inch  diameter 
1      .. 


5  Iba.  per  lineal  yard. 


"  3.  A  stop-tap  will  be  required  to  be  aGBxed  on  the  service  pipe 
inside  the  premises,  and  as  near  to  tho  entrance  as  possible ;  and  in 

all  places  where  the  atop-tap  is  fixed  in  tho  gronad,  authorised 
plnmbers  will  be  required  to  fix  over  the  same  a  small  cast-iron 
guard  box,  to  indicate  the  situation  of  such  stop-tap,  which  box  must 
be  Inserted  with  cement  into  a  flagf  18  inches  square,  and  3J  inches 
thick,  in  such  a  manner  &a  to  prevent  its  being  removed  without 
tho  flag.  All  stop-cock  boxes  must  not  he  less  than  14  lbs.  weight, 
with  a  proper  orifice  therein  for  stamping,  as  per  pattern,  which  may 
also  ho  Boeo  at  the  stamping  office. 

"  4.  Private  service  pipes  arc  required  to  ho  laid  three  feet  below 
the  surface  of  tho  ground,  and  also  to  be  brought  out  through  the 
boundary  of  the  private  premises  three  feet  below  the  street  or  road- 
way, and  in  default  of  this  regulation  being  complied  with,  the  pipes 
will  not  be  connected  by  tho  corporation. 
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"  5.  Before  the  connection  for  the  supply  of  water  can  be  made,  or 
before  any  additional  fittings  can  be  connected  to  an  existing  service 
pipe,  the  work  must  be  inspected  and  approved  by  the  proper  ofiS.cers 
of  the  water  works  committee. 

"  6.  Printed  forms  will,  upon  application,  be  furnished  to  autho- 
rised plumbers,  which  they  will  be  required  to  fill  up  and  deliver  at 
the  water  works  office,  as  a  notice  of  the  fittings  being  ready  for 
inspection,  and  also  of  any  alterations  made  in  existing  service  pipes 
or  fittings. 

"  7.  None  but  proper  valve  taps  are  to  be  fixed,  and  of  such  a 
description  as  the  water  works  committee  may  approve  of. 

"  8.  Copper  bit  joints  will  not  be  allowed,  but  in  all  cases  a  proper 
wiped  joint  must  be  made. 

"  9.  No  house  or  other  premises  will  be  allowed  to  have  more 
than  one  supply  pipe,  either  from  the  main,  or  from  any  adjoining 
premises. 

"  10.  No  steam-engine  boiler,  or  any  description  of  closed  boiler 
will  be  allowed  to  be  supplied  direct  from  the  service  pipe,  but  a 
cistern  must  be  provided  in  every  case,  and  the  supply  taken 
therefrom. 

"11.  No  water-closet  or  urinal  will  be  allowed  to  be  supplied 
direct  from  the  service  pipe,  but  must  be  supplied  from  a  cistern : 
and  no  water-closet  can  be  supplied  by  stop-tap  or  bib-tap,  but  must 
be  provided  with  a  proper  valve  apparatus.  All  urinals  must  here- 
after be  supplied  by  means  of  a  cistern  and  pull,  of  the  pattern  made 
by  Mr.  Hey  worth,  of  No.  59,  Faulkner- street,  Manchester ;  or  that 
made  by  Messrs.  Guest  and  Chrimes,  of  Rotherham,  which  have 
been  approved  of  by  the  water  works  committee.  Samples  of  these 
cisterns  may  be  seen  in  work  at  the  Water  Works  Stamping  Office, 
No.  41,  Bootle- street,  Albert- square. 

"  12.  No  tap  for  domestic  purposes  in  dwelling-houses,  or  for 
drinking  purposes  in  warehouses,  will  bo  allowed  to  be  supplied  from 
a  cistern,  but  in  all  such  cases  drawiog-off  taps  must  be  fixed  on 
the  service  pipe  before  it  enters  the  cistern ;  baths,  water-closets, 
urinals,  and  wash  basins  only  are  allowed  to  be  supplied  from  a 
oistem. 

"13.  Cistenis  must  in  every  case  be  supplied  by  means  of 
ball-taps. 

"14.  The  water  works  committee  will  provide  and  fix  all  water 
meters,  and  will  also  lay  the  service  pipes  from  the  boundary  of  the 
premises  to  the  inlet  of  the  meters  and  fix  the  stop-cocks  thereon, 
at  the  expense  of  the  occupier  of  the  premises. 


"15.  Dwelling-houseN  ronst  bo  supplied  bj  service  pipes  of  flie 
diameter  stated  below,  wbicli  rule  all  authorised  [ilnmbers  are  hereby 
instructed  to  cany  out,  tik,  : 


"l-iuch.  One  h 


186  above  10/.,  and  not  exceeding  21)/.  per  aimoin 
.  more  than  tno  cottages  not  exceeding  10/.  per 


"  ^inch.  One  bouse  above  20/.  per  annnm  rent,  but  not  exceeding 
70/.  per  annum.  Sis  honaes  in  one  block  may  be  enpplied 
by  tliia  size  of  pipe,  but  the  rents  mnst  not  exceed  14/.  per 

"  J-incb.     One  bouse  from  70/.  to  200/.  per  annnm,  but  not  mora 

than  fonr  honses  together  at  501.  per  annum  each.     Seren- 

teen  houBes  in  one  block,  may  be  supplied  from  this  aixe 

pipe,  if  the  rents  do  not  exceed  12/.  per  annum  each. 

"  N.B.  The  foil  diameter  of  pipe  must  be  contiuncd  Uirongh  the 

whole  of  the  honses  supplied  together. 

0  d well ing-lio uses  arc  sitaatcd  beyond  the  limits  of  the  city, 
and  in  which  no  trade  ia  carried  on,  and  are  supplied  together  from 
one  service  pipe,  the  owner  will  be  liable  to  the  payment  of  tho  water 
rent.  Tho  city  comprises  the  following  towusbips :  Manchester, 
Hulme,  Chorlton-on-Medlock,  Cheetham,  Ardwick,  and  Besnick. 

"  16.  The  water  works  committee  will  not  sanction  any  6rc-cocks 
or  hydrants  being  fixed  inside  private  premises,  either  from  the  main 
or  from  any  cistern  supplied  with  water  by  the  corporation  ;  at  the 
same  time  they  will  consider  any  application  for  permission  lo  attach 
any  private  stand-pipe  and  hose  to  the  street  hydrants,  to  be  used  in 

e  of  fire  only. 

"17.  Information  from  authorised  plnmbers,  or  other  parties,  as 
io  any  infringement  of  the  preceding  instructions  will  receive  the  im- 
mediate attention  of  the  committee. 

"  18.  Authorised  plumbers  will  be  struck  off  the  Ust  if  foniui 
leading  their  names  to  nnanthorised  persons. 


"TEflTINQ  iHD   STAUFIKG   ArRAKQEKEKTS. 

"  Stamping  Office :  No.  41,  Bootlo-atreet,  Albert- square. 
"  Testing  and  Stamping  Internal  Water  Fitting*. 
"The  following  regulations  must  be  complied  with  : 
'•  1.  All  taps  and  other  water  fittings  mnst  be  tested  aod  si 
by  the  proper  officer  of  the  corporation. 
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it 


2.  No  taps  or  apparatus  will  be  stamped  but  those  of  the  best 
qnality  of  each  maker,  samples  of  which  will  be  kept  for  inspection 
at  the  stamping  office. 

"  3.  The  taps  must  be  on  the  screw-down  principle,  with  loose 
valves  and  stuffing  boxes;  the  diameter  of  all  orifices  in  the  seat  on 
which  the  valves  work  in  the  stop-taps  to  be  the  same  size  as  the 
taps  themselves ;  and  all  taps  must  be  capable  of  resisting  a  pressure 
of  300  lbs.  to  the  square  inch  to  which  they  will  be  subjected  in 
testing. 

"  4,  The  bib  and  stop-taps  must  be  of  the  following  average 
weights,  viz. : 

1  inch 32^  ounces. 

„  •         .         .         .         .         ^1         „ 

IIJ       ,, 

i    w 8^-      „ 

"  Double  valve  bib-taps : 

}  inch 22f  ounces. 

*    , 13i      „ 

f    ,. lOi      „ 

"  5.  Ball-taps  must  be  the  best  quality,  and  the  diameter  of  the 
pipe  and  ball  as  under : 

1  inch  diameter  of  pipe,  not  less  than  6  inches  diameter  of  ball. 

S"  »  II  *2  » 

1"  »>  »  ^  » 

"  6.  The  rods  or  spindles  from  the  balls  to  the  taps  must  not  be 
less  than  the  following  lengths  : 

1  inch  diameter  of  tap,  18  inches  long. 

>»  11       •'■"  II 

II  II       ^^  II 

■ff  II  II       •'■•*'  II 

"  7.  The  strength  of  such  rods  or  spindles  must  not  be  less  than 
as  follows  : 

End  next  the  tap.  End  next  the  ball, 

1  inch  fl  by  -^  inches  .         .  H  ^7  A  "^^h. 

}    II     if  II  A-      II       •         •         •  <^*^*<>- 

4    »     H  II  A      II       •         •         •         ifbyyifinch. 

I    II     H  II  A      II       •         •         •  <^i*<^- 

2  E 


"  The  rods  or  apindles  referred  to  above  may  be  of  the  foIlowtD|f 

strength,  in  lieu  of  those  stated,  via.  tV  by  -st;  inch, 
.  "  8.  Snch  taps  without  balls  or  spmdlca  moat  not  be  less  than  tha 
following  weights :  ^H 

1  inch        ...        .     22t  oimoeB.  H 

i  „      .     .     .     .    m    „  V 

i     , 7i      ., 

"  9.  Cisterns  for  water-closets  moat  be  of  the  priacipls  knoim 
OS  r3x,  for  common  hopper  closets,  and  of  73nt  for  the  nsnol  pau- 
cloaets,  of  Guest  and  Chrimes' make,  or  of  other  approved  makers 
coataining  two  alternating  valves  on  the  same  principle,  and  coo- 
straoted  not  to  deliver  more  than  1  i  gallons  of  water  at  a  finsb,  tha 
palls  of  which  cisterns  must  be  so  conBtructed  as  to  prevent  their 
being  fixed  in  any  position  to  allow  the  water  to  be  left  ronaitig  to 
waste. 

"  10.  The  overflow  pipes  of  all  cisterns  hereafler  fixed  most  act 
as  warning-pipes,  and  mast  be  brought  through  the  external  wall  of 
the  premises  supplied  with  wat«r  at  such  a  oonspicnons  point  below 
the  level  of  the  bottom  of  the  cistern  as  may  be  directed,  and  there 
properly  maistained,  which  pipe  must  be  of  safficicnt  diameter  to 
deliver  any  water  wasting  from  the  different  diameters  of  b&U-taps 
when  out  of  order. 

"  11.  Every  cistern  which  shall  be  nsed  tor  the  storage  or  recep- 
tion of  water  supplied  by  the  corporation  shall  be  made,  aad  at  all 
times  maintained,  absolutely  water-tight,  and  shall  be  provided  with 
a  ball-tap,  which  most  be  branched  into  the  inlet  pipe  thereof,  and 
the  latter  made  secure  to  the  side  of  the  cistern,  as  a  connection  to 
the  end  of  such  pipe  will  not  bo  allowed.  The  ball-tap  shall  be  so 
fixed  as  not  to  become  submerged  when  the  cistern  is  full ;  the  level 
of  the  water  at  which  time  shall  always  be  maintained  at  two  inchea 
below  the  overflow  or  waruing-pipe ;  and  every  such  cistern  shall 
be  made  capable  of  inspection. 

"  12.  Every  overflow  or  waste-pipe  which  shall  be  attached  to 
any  cistern  in  use  previous  to  the  Ist  of  January,  1871,  shall  be 
altered  in  accordance  with  Regulation  No.  10,  after  the  corporation 
shall  have  given  to,  or  letl  at  the  hist  known  place  of  abode  of  the 
person  liable  to  pay  for  the  water  snpplied  to  such  cistern,  twenty- 
fonr  hours'  notice  in  writing,  requiring  such  overflow  or  waste  pipe 
to  be  so  altered  in  accordance  with  the  regulation  referred  to. 

"  13.  Every  bath  to  which  water  is  supphed  by  the  corporatia 
shall  be  provided  with  a  well-litted  oad  perfectly  watei>tight  g 
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outlet  ping,  mth  chain  complete,  or  snch  tap  as  shall  be  approyed 
and  stamped. 

"  14.  No  overflow  pipes  other  than  snch  as  are  made  to  act  as 
detective  or  warning  pipes,  previously  referred  to  in  Regulation 
No.  10,  shall  be  made  or  attached  to  any  bath  in  which  water  sup- 
pUed  by  the  corporation  shall  be  used;  and  every  overflow  pipe 
which  is  now  attached  to  any  such  bath  shall  be  permanently  altered 
to  the  satisfaction  of  the  corporation,  after  they  shall  have  given  to, 
or  left  at  the  last  known  place  of  abode  of  the  person  liable  to  pay 
for  the  water  supplied  to  such  bath,  twenty-four  hours'  notice  in 
writing,  requiring  such  overflow  pipe  to  be  so  altered. 

"  15.  Makers  of  or  dealers  in  taps  are  requested  to  put  their 
names  on  such  as  are  of  the  best  quality,  as  none  others  will  be 
stamped. 

^  The  following  fees  will  be  charged  for  testing  and  stamping : 

Bib  and  stop-taps        .        .        .    2d.  each. 

Ball-taps Sd.     „ 

Water-closts  .  .  .  .  6d.  „ 
Closet  cisterns  .  •  •  .  3d.  „ 
Stop-cock  boxes  .        .        .2d.    „ 

"  By  order  of  the  Water  Works  Committee, 

"  Joseph  Heron,  Town  Clerk. 


<'  Water  Works  Offices,  Town  Hall,  MancheBter, 
January  2, 1872." 


2  B  2 
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ITEK  WOEIS  CLACBKS  *CT,  1847." 

{Olausci  54  to  60.) 

"  If  by  the  Special  Act  it  be  provided  that  the  wat«r  to  be  snpplied 
by  tba  undertakers  need  not  be  constantly  laid  on  under  preuopgy 
every  person  eupplied  with  water  ehall,  when  required  by  the  under- 
takers, provide  a  'pi\Dper  cistern  to  hold  the  water  with  n'hidi  Ito 
shall  bo  so  snpplied,  with  a  ball  and  stop-cock  in  the  pipe  btiDgia^ 
the  water  from  the  works  of  tbe  trndertakere  to  encb  cistern,  aad 
shall  keep  Buch  cistern,  ball,  and  etop-cock  in  g^xid  repair,  bo  m 
effectually  to  prevent  the  water  from  running  to  waste ;  and  in  cnu 
any  aneb  person  shall,  when  required  by  the  undertakers,  neglect  to 
provide  such  cistern,  ball,  orstop-cocV,  or  to  keep  the  same  in  good 
repair,  the  undertakers  may  cat  off  the  pipe  or  torn  off  ibe  water 
from  the  premises  of  such  person  until  such  cistern  and  ball  and 
otop-cock  shall  be  provided  or  repnired,  as  the  case  may  require. 

"  Every  person  supplied  with  water  by  the  nndertaketa  who  shall 
suffer  any  such  cialern,  pipe,  ball,  or  stop-cock  to  be  out  of  repair 
BO  that  the  water  supplied  to  him  by  the  undertakers  shall  bo 
wasted,  shall  forfeit  to  the  undertakers  for  every  such  offence  a  sum 
not  exceeding  bl.  (■ 

"  The  undertakers  may  repair  any  such  cistern,  pipe,  ball,  or  b^0^| 
cock  so  as  to  prevent  any  such  waste  of  water,  and  the  ezpenaea  oH 
Bucb  repair  shall  be  repaid  to  thom  by  the  person  so  allowing  thfr 
same  to  bo  out  of  repair  and  may  be  received  as  damages. 

"  The  surveyor,  or  any  other  person  acting  under  the  authority 
of  the  undertakers,  may,  between  the  hours  of  nine  of  the  clock  in 
the  forenoon  and  four  of  the  clock  in  the  afternoon,  enter  into  any 
house  or  premises  snpplied  with  water  by  virtue  of  this  or  the 
Special  Act,  in  order  to  examine  i(  there  be  any  waste  or  misoso  of 
Bucb  water,  and  if  such  surveyor  or  other  person  at  any  such  time 
be  refused  admittance  into  such  dwelhng-houso  or  premises  for  tbe 
purpose  aforesaid,  or  be  prevented  from  making  such  etftmiiiation 
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as  afiireaaid,  the  nndertalcera  may  turn  ofT  the  water  supplied  by 
them  from  snch  house  or  other  premises. 

"  Every  owner  or  occupier  of  any  tenement  supplied  with  water 
ander  this  or  the  Special  Act,  who  shall  supply  to  any  other  person 
or  wilfully  permit  liim  to  take  any  such  water  from  any  cistern  or 
pipe  in  such  tenement  unless  for  tiie  purpose  of  extingoishing  any 
fire,  or  unless  be  bo  a  person  supplied  with  water  by  the  undert^ers, 
and  the  pipes  belonging  to  him  bo,  without  his  default,  out  of  repair, 
shall  forfeit  to  the  undertakers  for  every  such  ofienco  a  Bum  not 
esoeedicg  5/. 

"  Every  persou  who,  not  having  agreed  to  be  supplied  with  water 
by  the  under  takers,  shall  take  any  water  from  any  reservoir,  water- 
course, or  condnit  belonging  to  the  undertakers,  or  any  pipe  leading 
to  any  anuh  reservoir,  watercourse,  or  condnit,  or  from  any  cistern  or 
other  like  place  containing  water  belonging  to  the  undertakers  other 
than  such  as  may  have  been  provided  for  the  gratnitoas  use  of  the 
public,  shall  forfeit  to  the  undertakers  for  every  such  offence  a  sum 
not  exceeding  10/. 

"  Every  person  who  shall  wilfully  or  carelessly  break,  injure,  or 
open  any  lock,  cock,  valve,  pipe,  work,  or  engine  belonging  to  the 
undertakers,  or  shall  flush  or  draw  off  the  water  from  the  reservoir 
or  other  works  of  the  undertakers,  or  shall  do  any  other  wilful  act, 
whereby  sneh  water  shall  be  wasted,  shall  forfeit  to  the  undertakora 
for  every  such  ofienoe  a  sum  not  exceeding  ^l." 


EXTRACT  FROM  THE  "  WATER  WOBKB  CLArSES  ACT,  1863." 

{Clauaea  16  to  20,) 

"  And  with  respect  to  the  waste  or  misuse  of  the  water  supplied 
by  or  belonging  to  the  undertakers,  be  it  enacted  as  follows; 

"  If  any  person  supplied  with  water  by  tbo  undertakers  wrong- 
fully does,  or  causes  or  permits  to  be  done,  anything  in  contravention 
of  any  of  the  provisions  of  the  Special  Act,  or  wrongfully  fails  to 
do  anything  which  under  any  of  those  provisions  ought  to  be  done 
for  the  prevention  of  the  waste,  misuse,  undue  consumption,  or  conta- 
mination of  the  waterof  the  undertakers,  tbey  may  (without  prejudice 
to  any  remedy  against  him  in  respect  thereof)  cut  off  any  of  the  pipes 
by  or  through  wliich  water  is  supplied  by  them  to  him,  or  for  his  use, 
and  may  cease  to  supply  him  with  water,  so  long  as  the  cause  of 
injury  remains  or  is  not  remedied. 

"  If  any  person  supplied  with  wat«r  by  the  undertakers  wilfnlly 
or  negligently  causes  or  suffers  any  pipe,  valve,  cock,  cistern,  batfa, 
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Boil-pun,  water-closet,  or  other  apparatus  or  rooeptacle  to  be  ont  ot 
repair  or  to  be  so  used  or  contrived  as  that  tlie  wafer  eTippIied  to 
him  by  the  nndertaJters  is  or  is  likely  to  bo  wasted,  misased,  nndaly 
consTimeiil,  or  contaminated,  or  so  aa  to  occasion  or  'allow  the  retnm 
of  foul  air,  or  otber  noisome  or  impure  matter  iuto  any  pipe  bo- 
longing  to  or  connected  witli  tbe  pipes  of  the  nudertakera,  be  shall 
for  every  sncb  offence  be  liable  to  a  penalty  not  exceeding  5/. 

"  If  any  person — 

"  First,  not  baving  from  tbe  undertakers  a  supply  of  water  fcr 
other  than  domestic  pnrposeB,  nBee  for  other  than  domestic  pnrposos 
any  water  supplied  to  him. by  tho  undertakers ;  or, 

"  Secondly,  having  from  tho  undertakers  a  snpply  of  watar  for 
uny  other  than  domestic  pnrpoBes,  uses,  for  any  purjioses  other  than 
those  for  which  he  is  entitled  to  use  the  same,  any  water  supplied  to 
him  by  tho  undertakers,  be  aball  for  every  snch  offence  be  hable  to 
a  penalty  rot  exceeding  40a.,  without  prejudice  lo  tho  right  of  tho 
undertakers  to  recover  from  him  the  value  of  the  water  misased. 

"  It  shall  not  be  lawful  for  the  owner  or  occupier  of  any  premiaca 
supplied  with  water  by  tho  undertakers,  or  any  consumer  of  the 
water  of  the  undertakers,  or  any  other  person,  to  affix  or  oause  or 
permit  to  be  affixed  any  pipe  or  apparatna  to  a  pipe  belonging  to  tho 
undertakers,  or  to  a  commnnioation  or  service  pipe  belonging  to  or 
used  by  such  owner,  occupier,  consumer,  or  other  person,  or  lo 
mako  any  alteration  in  any  anch  communication  or  scrrice  pipe,  OT 
in  any  apparatus  connected  therewith,  without  the  consent  id  every 
Buch  case  of  the  undertakers  ;  and  if  any  person  acts  in  any 
in  contravention  of  the  provisions  of  tbe  present  section,  he  shall 
every  audi  offence  be  liable  to  a  penalty  not  exceeding  bl.,  withi 
prejudice  to  tho  right  of  tbo  undertakers  to  recover  damages  fr 
liim  in  respect  of  any  injury  done  to  their  properly,  and  withonl' 
prejudice  to  their  right  to  recover  fi-om  him  thfi  value  of  any  wator 
wasted,  misused,  or  unduly  consumed. 

"  If  any  person,  not  being  supplied  with  water  by  tbe  undertakera, 
wrongfally  take  or  uses  any  water  from  any  reservoir,  watercontac^ 
conduit,  or  pipe  belonging  to  tho  undertakers,  or  from  any  pipe 
leading  to  or  fi-ora  any  such  reservoir,  watercourse,  coadnit,  or  pipe, 
or  from  any  cistern  or  other  like  place  containing  water  beloDging 
to  the  undertakers  or  supplied  by  them  for  the  use  of  ftny  coa- 
anmer  of  tho  water  of  tho  undertakers,  he  shall  for  every  aoob 
offence  be  liable  to  a  penalty  not  exceeding  5/." 


froiM^I 
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EBGULATIONS  MADE  UNDER  THE  "  METROPOLIS  WATER  ACT,  1871." 


"  1.  No  commTinicatioii-pipe  for  the  conveyance  of  water  from 
the  water  works  of  the  company  into  any  premises  shall  hereafter 
be  laid  nntil  after  the  point  or  place  at  which  such  communication- 
pipe  is  proposed  to  be  brought  into  such  premises  shall  have  had  the 
approval  of  the  company. 

"2.  No  lead  pipe  shall  hereafter  be  laid  or  fixed  in  or  about  any 
premises  for  the  conveyance  of  or  in  connection  with  the  water 
supplied  by  the  company  (except  when  and  as  otherwise  authorised 
by  these  regulations,  or  by  the  company),  unless  the  same  shall  be 
of  equal  thickness  throughput,  and  of  at  least  the  weight  following, 
that  is  to  say : 


Internal  Diameter  of  Pipe 
in  Inches. 

f  inch  diameter 
i 

6 

¥ 

i 
1 


Weight  of  Pipe  in  lbs.  per 
Lineal  Yard. 


9> 

>> 


5  lbs.  per  lineal  yard. 
6 

9 

12 
16 


"  3.  Every  pipe  hereafter  laid  or  fixed  in  the  interior  of  any 
dwelling-house  for  the  conveyance  of,  or  in  connection  with,  the 
water  of  the  company,  must,  unless  with  the  consent  of  the  com- 
pany, if  in  contact  with  the  ground,  be  of  lead,  but  may  otherwise 
be  of  lead,  copper,  or  wrought  iron,  at  the  option  of  the  consumer. 

"  4.  No  house  shall,  unless  with  the  permission  of  the  company 
in  writing,  be  hereafter  fitted  with  more  than  one  communication- 
pipe. 

"5.  Every  house  supplied  with  water  by  the  company  (except  in 
cases  of  stand-pipes)  shall  have  iia  own  separate  communication- 
pipe.  Provided  that,  as  far  as  is  consistent  with  the  special  Acts  of 
he  company,  in  the  case  of  a  group  or  block  of  houses,  the  water- 


ratoB  of  wliicli 


3  paid  by  o 


,  the  said  owner  i 


option,    have  ono  Bufficieut  communication-pipo  for  snoli  gronp  or 
block. 

"  6.  No  honae  supplied  with  water  by  the  company  shall  havo 
Einy  connectioa  with  the  pipes  or  other  fittinga  of  any  other  premiaea, 
except  in  the  case  of  groups  or  blocka  of  honaeB,  referred  to  m  tho 
preceding  regulation. 

"  7.  The  connection  of  every  communication  pipe  with  any  pipn 
of  the  company  eball  hereafter  bo  made  by  means  of  a  sound  and 
suitable  brass  Bcrewed  ferrule  or  stop-cock  with  anion,  and  sttch 
ferrule  or  stop-cock  shall  be  so  made  as  to  have  a  clear  ai-ea  of 
waterway  equal  to  that  of  a.  half-inch  pipe.  Tho  connection  of  every 
communication-pipo  witli  the  pipes  of  the  company  shall  bo  made 
by  the  company's  workmen,  and  the  company  shall  be  paid  in  advance 
the  reasonable  coats  and  charges  of  and  incident  to  tho  making  of 
such  conneotiou. 

"  8.  Every  communication-pipe  and  every  pipe  oxtemal  to  tbo 
house  and  through  the  external  walls  thereof,  hereafW  respectively 
laid  or  fixed,  in  connection  with  the  water  of  the  company  shall  bo 
of  load,  and  every  joint  thereof  shall  be  of  the  kind  called  a  plumb- 
ing or  wiped  joint. 

"  9.  No  pipe  shall  be  used  for  the  conveyance  of,  or  in  connection 
with,  water  supplied  by  the  company,  which  is  laid  or  fixed  throngli, 
in,  or  into  any  drain,  aah-pit,  sink,  or  manure  hole,  or  through,  in,  or 
into  any  place  where  tho  water  conveyed  through  such  pipe  may  be 
liable  to  become  fouled,  except  where  such  drain,  ash-pit,  sink,  or 
manure  bole,  or  other  such  place,  ahail  be  in  the  unavoidable  cootse 
of  such  pipe,  and  then  in  every  such  case  such  pipe  shall  be  passed 
throngh  an  exterior  cast-iron  pipe  or  jacket  of  sufficient  lengtb  and 
strength,  and  of  such  construction  as  to  afford  due  protection  to  thQ 
water-pipe.  J 

"  10.  Every  pipe  hereafter  laid  for  the  conveyance  of,  or  in  OOHM 
nection,  witli,  water  supphed  by  the  company,  shall,  when  laid  i^ 
open  ground,  be  laid  at  least  two  feet  six  inches  below  the  Bur&oe, 
and  shall  in  every  exposed  situation  be  properly  protected  against 
the  effects  of  frost. 

"11.  No  pipe  for  the  conveyance  of,  or  in  connection  with. 
water  supplied  by  tho  company,  sliall  communicate  with  any  cis- 
tern, butt,  or  other  receptacle  used  or  intended  to  be  need  for  rain- 
water. 


'  12.  Every  communication-pipe  for  the 
auppliod  by  the  company  into  any 


conveyEUK 
premises  shall  h: 


J  of  water  I 


I 

I 


ita  point  of  ontrauoe  into  Buch  premises,  and  if  desired  by  tho  con- 
within  sncli  prcmiaes,  a  Bonnd  and  euitable  stop-valvo  of  the 
screw-down  kind,  with  an  area  of  waterway  not  less  than  that  of  a 
half-incb  pipe,  aad  not  groater  than  that  of  the  com monicat ion-pipe, 
the  siec  of  the  valve  witbin  these  Umits  being  at  the  optiOD  of  the 
coasoiner.  If  placed  in  the  ground  ench  stop-valve  shall  bo  pro- 
tected by  a  proper  cover  and  gnard-boi. 

"  13.  Every  cisiom  nsed  in  connection  with  the  water  supplied  by 
the  company  ehall  bo  made  and  at  all  times  maiptoined  water-tight, 
and  be  properly  covered  and  placed  in  such  a  position  that  it  may 
be  inspected  and  deansed.  Every  snch  existing  cistern,  if  not 
aU'eady  provided  with  an  efficient  ball-tap,  and  every  such  future 
cistern  shall  be  provided  with  a  soond  and  suitable  bail-tap  of  tbe 
valve  kind  for  the  inlet  of  water. 

"  14.  No  overflow  or  waste-pipe  other  than  a  warning-pipe  shall 
be  attached  to  any  uistern  snpphed  with  water  by  the  company, 
and  every  snch  overflow  or  waste-jiipe  existing  at  the  time  when 
these  regnlations  come  info  operation  shall  be  removed,  or  at  the 
option  of  the  consumer  shall  be  converted  into  an  efficient  warning- 
pipe,  within  two  oulendar  months  next  after  tbe  company  shall  have 
given  to  tlie  occupier  of,  or  left  at  tho  premises  in  which  sneh 
cistern  ia  situate,  a  notice  ia  writing  requiring  such  alteration  to  bo 
made. 

"  15.  Every  vraming-pi]ie  shall  be  placed  in  snch  a  situation  as 
will  admit  of  the  discharge  of  tho  water  from  such  warning-pipe 
being  readily  ascertained  by  tho  officers  of  the  company.  And  the 
pOBitton  of  ench  warning-pipe  shall  not  be  changed  without  previous 
notice  to  and  approval  by  the  company. 

"  16.  No  cistern  buried  or  excavated  in  the  ground  shall  bo  used 
for  the  storage  or  reception  of  water  supplied  by  the  company, 
nnless  the  use  of  snch  cistern  shall  be  allowed  in  writing  by  the 
company. 

"  17.  No  wooden  receptacle  without  a  pro]jer  metallic  lining  shall 
be  hereafter  brought  into  use  for  tbe  storage  of  any  water  supplied 
by  the  company. 

"  18.  No  draw-tap  sbal  in  future  bo  fixed  unless  the  same  shall  be 
sound  and  suitable  and  of  the  screw-down  kind. 

"  19.  Every  draw-tap  in  connection  with  any  stand-pipe  or  other 
apparatas  ontaide  any  dwelling-hoose  in  a  court  or  other  public 
place,  to  supply  any  group  or  number  of  such  dwelling-houses,  sliall 
be  sound  and  suitable,  and  of  tho  was  I  o-pro  venter  kind,  and  he  pro- 
tected as  &r  as  possible  from  injury  by  iroBt,  theft,  or  mischief. 
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"  20.  Every  boUer,  urinal,  and  water-cloaet,  in  which  wa 
plied  by  the  company  is  nsed  (other  than  water-closets  i 
hand  flushing  is  employed),  shall,  within  three  months  after  t 
regnlationa  come  into  operation,  be  served  only  through  a  dsterB"" 
or  service-bos,  and  without  a  stool-coci,  and  there  ehall  be  no  direct 
communication  from  the  pipes  of  the  company  to  any  boiler,  nrinal, 
or  water-closet. 

"21.  Every  water-closet  cistern  or  water-closet  service-box  hero- 
after  fitted  or  fixed  in  which  water  supplied  by  the  company  is  to  be 
used,  shall  have  an  clEcient  waste-proven  ting  apparatus,  so  con- 
strocted  as  not  to  be  capable  of  discharging  moro  than  tiro  gallons 
of  water  at  each  flash. 

"  22.  Eveiy  nrinal- cistern  in  which  water  snpplied  by  the  c 
pany  is  used  other  than  public  urinal  cisterns,  or  cisterns  havi 
attached  to  them  a  self-closing  apparatus,  shall  have  t 
waste-preventing  apparatus,  so  constructed  as  not  to  bo  capabls^l 
discharging  moro  than  one  gallon  of  water  at  each  flush. 

"  23.  Every  down-pipe  hereafter  fixed  for  the  discharge  of  v 
into  the  pan  or  basin  of  any  water-closet  shall  have  an  iatt-mal  A 
meter  of  not  less  than  one  inch  and  a  quarter,  and  if  of  lead  sU 
weigh  not  less  than  nine  pounds  to  every  Hneal  yard. 

"  24.  Ho  pipe  by  which  water  is  supplied  by  the  company  to  any 
water-closet  shall  communicate  with  any  part  of  snch  water-oloectj 
or  with  any  apparatus  connected  therewith,  except   the    i 
cistern  thereof. 

"  25.  No  bath  suppUed  with  water  by  the  company  shall  have  ai 
overflow  waste  pipe,  except  it  bo  so  arranged  as  fo  act  as  a  warning 
pipe. 

"  26.  In  every  bath  hereafter  fitted  or  fixed  the  outlet  shall  be 
distinct  from,  and  unconnected  with,  the  inlet  or  inlets ;  and  the 
inlet  or  inlets  must  be  placed  so  that  the  orifice  or  orifices  shall  be 
above  the  highest  water  level  of  the  bath.  The  outlet  of  every 
such  bath  shall  be  provided  with  a  perfectly  water-tight  plug,  valve, 

"  27.  No  alteration  shall  be  made  in  any  fittings  in  connection 
with  the  supply  of  water  by  the  company  without  two  days'  previous  , 
notice  in  writing  to  the  company. 

"  28.  Except  with  the  written  consent  of  the  consumer,  no  c 
ferrnle,  joint,  union,  valve,  or  other  fitting,  in  the  ooorse  of  a 
communication-pipe,  shall  have  a  waterway  of  less  area  than  that  of 
the  communication -pipe,  so  that  the  waterway  from  tlie  water  in  the 
district  pipe  or  other  supply  pipe  of  the  company  np  to  and  thruagb 
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the  stop-yalve  prescribed  by  Hegalatioii  No.  12,  shall  not  in  any 
part  be  of  less  area  than  that  of  the  commnnication-pipe  itself, 
which  pipe  shall  not  bo  of  less  than  a  half-inch  bore  in  all  its 
conrse. 

"  29.  All  lead  warning-pipes  and  other  lead  pipes  of  which  the 
ends  are  open,  so  that  snch  pipes  cannot  remain  charged  with  water, 
may  be  of  the  following  minimum  weights,  that  is  to  say : 


^-inch  (internal  diameter) 

o 

.     3  lb.  per  yard. 

7 

"30.  In  these  regulations  the  teim  communication-pipe  shall 
mean  the  pipe  which  extends  from  the  district  pipe  or  other  supply 
pipe  of  the  company  up  to  the  stop-valve  prescribed  in  the  Regula- 
tion No.  12. 

**  31.  Every  person  who  shall  wilfully  violate,  refuse,  or  neglect 
to  comply  with,  or  shall  wilfully  do  or  cause  to  be  done  any  act, 
matter,  or  thing,  in  contravention  of  these  regulations,  or  any  part 
thereof,  shall,  for  every  such  offence,  be  liable  to  a  penalty  in  a  sum 
not  exceeding  61. 

"  32.  Where  under  the  foregoing  regulations  any  act  is  required 
or  authorised  to  be  done  by.  the  company,  the  same  may  be  done 
on  behalf  of  the  company  by  an  authorised  officer  or  servant  of 
the  company,  and  where  under  such  regulations  any  notice  is 
required  to  be  given  by  the  company  the  same  shall  be  sufficiently 
authenticated  if  it  be  signed  by  an  authorised  officer  or  servant  of 
the  company. 

'^  33.  All  existing  fittings,  which  shall  be  sound  and  efficient,  and 
are  not  required  to  be  removed  or  altered  under  these  regulations, 
shall  be  deemed  to  be  prescribed  fittings  under  the  ^  Metropohs 
Water  Act,  1871.'  " 


(Exlracledfiom  the  Jirpurt  of  Mb.  F.  J.  Bkamwell,  C.B.,  FAj| 

"  The  meter  proper  consists  of  notbing  more  tliiin  a  vertical  fa 
cated  hollow  cone,  bnving  its  small  end  npwardn,  and  contwid 
witliin  it  a  disc  of  the  same  diameter  ns  the  sninll  end  of  tlie  fa 
cated  cone;  a  central  stalk  on  the  upper  surface  of  this  di&c  is  ■ 
pended  from  a  fine  German  silver  wii-e,  which  paeeeB,  pra 
water-tight,  llirongh  a  small  hole  in  the  upper  part  of  the  chai 
above  the  cone,  and  is  attached  to  a  guided  croas-head,  canyii^fl 
pencil  or  ti-acer,  and  having  above  it  a.  band  paaaing  over  a  polk 
and  supporting  on  the  other  side  of  the  pulley  a  weight,  which  is  a 
determinato  amount  heavier  than  the  cross-head  and  disc,  when  the 
disc  is  "weighed  in  water,  so  that  the  weight  alw&ys  tends  to  draw 
the  disc  up  to  the  top  of  the  tniuoated  cone.  The  inlet  for  water  is 
in  the  chamber  above  the  cone,  the  outlet  proceeds  from  a  chamber 
below  its  base. 

"  In  tho  upper  chamber  there  is  a  diaphragm,  with  openingB  to 
equalise  the  flow  of  the  water, 

"  Assume  that  water  is  supplied  to  the  meter,  bat  that  none  is 
passing  throngh  it,  because  all  tho  outlets  are  closed,  then  the  weight 
will  have  raised  tho  disc  to  tlie  extreme  point  of  if-s  travel,  and  so 
that  the  disc  fills  up  the  aperture  at  the  top  of  the  cone.  If  now  a 
cock  in  tho  outlet  be  opened,  say  to  a  small  extent,  wator  will  sack 
to  flow,  but  in  endeavouring  to  do  eo  it  must  press  upon  the  disc, 
and  send  it  downward  to  a  larger  part  of  the  cone,  and  the  point 
where  tho  descent  of  the  disc  will  cease  will  bo  that  at  which  tie 
annular  area  between  the  edge  of  the  disc  aud  the  interior  of  the 
1  is  sufGcient,  under  the  difference  of  pressure  between  the  npjwr 
and  the  under  side  of  tho  disc,  to  enable  the  required  quantity  of 
water  to  pass;  and  this  pressure  will  obviously  be,  for  tho  whole 
Enrfacc  of  the  disc,  exactly  that  which  will  balauce  the  excess  of  tlie 
weight  above  the  weight  of  the  disc,  weighed  in  water,  and  llu 
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cross-head  weighed  in  att*.  If  the  pressai'e  wore  less  than  this  the 
weight  wonld  cnnse  the  disc  to  riGo  until  the  nnnnl&r  area  was  so 
mnch  diminished  that  tho  required  pressure  to  balance  the  snrplaa 
weight  was  jnst  adequate  to  driro  through  this  annniar  opening  the 
quantity  of  water  being  drawn  from  the  outlet;  ou  the  other  hand, 
if  the  pressure  were  greater  than  the  surplus  weight  the  diso  wontd 
[  until  the  increase  of  annular  area  woald  be  such  that  at  the 
pressure  equal  to  the  surplus  weight  the  quantity  of  water  demanded 
wonld  flow  through.  In  this  manner  the  point  of  rest  for  the  disc, 
with  the  supposed  quantity  being  drawn,  would  lie  self-found  ;  and, 
similarly,  if  a  less  quantity  or  a  greater  quantity  (svithin  tho  limits 
of  capacity  of  the  meterj  were  drawn  off,  the  disc  would  find  its  ap- 
propriate position  of  rest  in  tho  truncated  cone,  a  position  corres- 
ponding to  the  particular  quantity  passing  through.  But  the  tracer 
rises  and  falls  with  the  disc,  and  if  this  tracer  hare  a  piece  of  paper 
presented  to  it,  it  will  draw  a  vertical  hue  on  that  paper,  the  length  of 
which  will  indicate  the  rate  at  which  the  water  is  passing  through 
the  meter  ;  and,  if  this  paper  be  printed  with  horiaoiital  lines  repre- 
senting hundreds  and  thousands  of  gallons  per  hoar,  then  an  inspec- 
tion would  show  at  which  of  these  lines  the  tracer  was  standing, 
and  would  enable  an  observer  at  once  to  say — "  Water  is  now  pass- 
ing through  the  meter  at  a  velocity  equal  to  1000  gallons,  or  3000 
gallons  per  hour,"  as  the  case  may  be. 

"  Tho  foregoing  is  the  construction  of  the  meter  proper ;  but  if 
no  further  provision  were  made  Ihero  would  not  be  left  any  other 
record  than  this,  viz.,  that  since  the  paper  was  put  on  tho  rate  of 
consumption  bad  at  some  time  attained  a  point  indicated  by  the 
length  of  the  vertical  line  on  the  paper;  but  it  would  be  impossible 
to  say  when  the  maximum  recorded  rate  of  consumption  was  reached, 
or  for  how  long  it  endured.  Such  an  apparatus  would  give  a  record 
analogous  to  that  of  a  self-re^tering  thermometer,  as  from  this 
implement  all  that  can  be  ascertained  is  that  at  some  time  since  the 
index  was  hist  set  tho  maximum  temperature  has  been  a  certain 
number  of  degrees,  but  when  this  happened,  or  for  how  long  it 
continued,  there  is  no  means  of  ascertaining. 

"  But  if  a  further  provision  be  made  by  which,  as  in  the  steam 
engine  indicator,  the  paper  presented  to  tho  tracer  can  he  caused  to 
move  sideways,  then  the  tracer  wilt  no  longer  describe  a  mere  ver- 
tical line,  but  it  will  describe  a  line  compounded  of  tho  lateral 
movement  of  the  paper,  and  of  tho  rise  and  fall  of  the  tracer.  In 
practice,  Mr.  Deacon  causes  the  paper  to  move  sideways  in  the  maii> 
ner  employed  in  apparatus  for  automatically  recording  the  pressure 
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of  the  wind,  and  other  similar  phenomena ;  and  in  the  n 
-which  the  '  pressnre  papers '  of  the  governors  of  gas  works  an 
aotoated,  Tis.,  by  wrapping  the  paper  ronnd  a  vertical  cyHada  to 
whioh  motion  is  given  by  a  common  clock  movement,  so  thai  tlie 
cylinder  makes  exactly  one  revolution  in  the  twenty-fonr  honra.  Tlw 
paper  is  divided  vertically  by  twenty-four  '  hour  lines,'  repreeenting 
the  honrs  of  the  day  and  the  night,  and,  as  has  already  been  mid,  is 
divided  horizontally  by  lines  indicating  the  rate  of  flow  in  gallons  pn 
hoar,  and  thns  an  examination  of  the  line  made  by  the  tracer  diowi 
what  was  the  rate  of  flow  at  any  time  of  the  day  or  night." 
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Barking,  Lodge  Farm    at   (.mb   Lodgo 

Firm). 
Barlow's,  Mr.,  rule  Cor  Uuckceu  at  pEpe>, 

Bsmicott  and  Eanvon,   pttriSaation    of 
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water  from  tho  undordrainage  of, 

63. 
Closet,  water  (see  Water-Cljseta). 
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Dai'liogtoD,  water  at,  22. 
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11  to  18,49  10  56,163. 

influence  on  tempelmtnre,  17,  Ifc 

method  ol,  55. 
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Dust  bins,  99, 226,  227. 
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LSVT.  Pumps,  136. 

H           SLVa  CnpiUary  attraction    and 

—     LXVn.  Underground    tanks    for 

^H                                             OTuporatioD,  54 

the   Blorago   of    water, 

Ul. 

LSVm.  Oistoms  for  the  inner  Ber- 

■                              or  dwellings,  es 

Tico   of   the    dwelling, 

M            XT.TX.  Conerote  Hoors  nnd  areaB 

142. 

■                                              SBEiontial     to       heathy 

LXIX.  DomoBtic  filtration,  143. 

V            L.  Dripping  roofa,6H 

the  sanitotioD    of    the 

dwelling,  148. 

m.  The  moda  of  diaposing  of 

Dyo  works,  liqnid  refuse  from,  1C7,  2BB. 

the  liqnid  rflfoja  to  be 

83B 

ing  ont  eitenul  flewera, 

Dyke,  Mr.  T.  J.,  Morthyr  filtration  areas, 

68. 

330. 

LIIL  On    prcBOBt    legal    obli- 

KBtions   in   ralation   lo 

Earth  cloaots,  99,  223, 225. 

lii^uid  rofaao  from  i<o- 

—  ralUB  of  mannre  from.  108,  SET. 

EoBsie,  Mr.,  temperatnro  o(  rooms,  107. 

LIV.  Mechanical  deposition  and 

chemioal    precipitation 

worltal,  03.188;  Appendix  H. 

inapplicable.  5!l 

Eaton  Hall,   Cheater,   well  in  new  red 

LV.  The    modes    of    treating 

aewago    STaikhle    tor 

Edgwaro,  well  at,  116. 

EdinbuTgli,  health  of  cowb  ted  on  scwags 

LVI.  Means   of    collecting  tho 

produce  at,  360 

liquid     retuae    and    of 

BaaltaiT  condition  of  district  near 

regulating  it«  dietribu- 

the  sewttgcd  lands  at,  345,  848. 

tion,  63. 

Egg-ahaped  and  eironlar  aowers,  188. 

LVII.  Reaaona   why  sub-imgn- 

Ely,  reduction  of  denth-rato  by  dtalnago 

of  Bubioil  at,  49. 

i!». 

Engineer,  duty  of ,  in  relation  lo  nir.  13. 

tho  dweUing,  148. 

the  town  and  village,  153. 

thoBstenuauBwera,  TO. 

water,  86  to  4B. 

LS.  W»tcr- eloaota   and  tbrir 

Entoma  in  aninuls  ted  on  aewage  pro- 

appliuieeB, 71. 

duce,  349.                                                                  ^ 

LXl.  Smka  and  their  appliRnoeir, 

Epsom  Bowago  farm,  268. 

91. 

Eton  sewage  tann,  800 

' LXn.  Scavenging  and   external 

Evaporation  and  capillary  atlraoliDn,28, 

dt?cloaeta,!l9. 

29,  5*. 

effactof  on  telnpetature,  1 7. 

dwelling,  103. 

reduotion  of  by  drainage,  17. 

LXrV.  The  water  supply  of  tho 

Exoter,  average  monthly  rainfall   a 

dwelling,  108. 

wal«r  anpply  of,  82. 

(1)  Wdla,  109. 

Exposure  to  impure  air,  effect  ot,  IS, 

3  r  3!                  ^^^m 

Hawksley,  Mr.  T.,  C.E.,  egg-ahiipod 
Bowor,  180. 

raiufkll  at  Redmireii,24  ;  and  Ap- 
pendix B. 

Hewer  TDlocitioR,  185. 

HnywooJ,  Mr.  W.,  C.E.,  lomponihiro  of 
London  seTren,  39  T. 

Health,  mflnence  of  wot  eubsoil  apoo,  1 1 
to  16, 18,  i»  to  fiS. 

of    cowfl    f«l  on   sewage   prodi 

3^9,  350. 

o(  localities  sarroimding  Mwaged 

ludB,  8U. 

Hsat,  olfoct  of,  in  promoting  malaria,  11. 

roqaired  to  raise  water  ' ' "~ 

to  boiling  point,  104. 
HsatliijDte  Fuin,    Leamington,   Eowage 


I 
I 


rrigatior 


t.  305. 


treBtment  o(  alndge  on  land  at,  267. 

Heating  o[  dwcUinga,  diita  for  the,  104. 
Hemans,  the  lato  Mr.  J.  W.,  C.E.,  eyapo- 

ration  from  imperrious  and  perTions 

Borfacei,  29. 
Hendon,  well  in  challi  at,  116. 
Heulof-on-Thamen,  veU  incbollcat,  IIG. 
Herachel,  ProfoBBOT,  on  evaporntioa  from 

wet  aub>liuic«<,  17. 
Hertford,  chemical  treatment  of  sowage 

at,  280. 
HowBon'n,  Mr.  T.,   CJI.,  atonn   OTarflow 

oirangPiuoDt,  211. 
High  Wycombe,  well  in  chalk  at,  1 16. 
Hille'a  jewago  prajcsa,  289.  [53. 

Hinxworlh,  drainage  eiporimonts  at,  17, 
Hitcbin,  claj  jointing  fault;  at,  192. 

lime  prooese  diacarded  at,  291. 

HoFmann,  Dr.,  effect  of  impore  water  on 

animal  econom;,  20  ;  Appendix  0. 

TOlne  of  sewage,  26(1, 

Holdeo's  sewage  procBBB,  290. 

Hope,  Mr.  W.,  V.C.,  Bretoaa  Farm,  258. 

Hopper  closet,  73. 

Uor»  and  manual  power,  data  for  oalca- 

lating,  128,  129. 

power  for  raising  wstor,  131. 

BowaVtli's  amhimadiiui  screw  rentilator, 

108. 
Hnddersfleld,  water  aunilj  at,  22. 
Hmlej,  ProfasBor,  air  inhaled  and  car- 
bonic acid  produced  by  individuala,  2, 

Jmperriona  loile,  raiofall  tbrown  off  and 
aTailable  for  slorage,  39,  126. 


tainod  from,  125. 
Impnro  air,  effect  of  eiposnre  to,  18. 

meaanrwl  by  oarboDio  aoiJ,  12, 

iQclinationa  necessaTy  for  corUun  velo- 

jwera.  186. 
and  velooitiea  for  priva 

mcating  aevers,  06,  (17. 
Increase  of  population  in  diSercDt  tc 

"■fi. 
id  towiu,  disposal  of  sewage  from, 

180,  8S1. 
Intercepting  and  onttall  Bowers,  176, 183. 
Intermittent  filtratiotiof  sewage,  61,  182, 

"■"  ""I,  204,296,  299,318,339,3*3, 

eombmed  with  irrigation,  339,  3o2, 
contrasted  with  irrigation,  320. 
Kendal  works  of,  260.  2Gt,  830,  336. 
permanency  of 


— -  Mertbyr  works  of,  82( 
opinio Q  of  Baron  Lieb 

—  parity   of    affluent  s 
attor  treatment  by,  329. 

quantity  of  land  required   for,  61, 

62,251,319,361,352. 
return  from,  260,  825,  828. 

—  soils,  BQitablo  and  Unsuitable  for, 
321. 

—  surface  preparation  for,  324. 

—  tanks,  carriers,  Ac,  tor,  325. 
-  trade  refuse,  purification  of,  by,  Q2, 


on,  62,  883. 


331. 

underdrainago  of  soil  for,  323. 

of  water,  40,  144. 

Irrigation,   61,  182,  249,  360,  284,  299, 

300,339,351.352,353. 
— ■  combined  with  intermittent  flltra- 

tioD,  839,  362. 
contrasted  with  intermittent  jUtoa- 

tion,  330. 

Eton,  806. 

— -  flooding  lands  by  sowago,  301,  304. 

Harrogate,  303. 

Healhoote  Farm,  267,  306. 

Lodge  Farm  (Barking),  267,  804, 

309,  846. 
modes  of   distriba^g   sowaga   by, 

314. 
qoantitr  o(  land  to  be  acquired  or, 

250,  262,  351. 

—  soils,  suitable  and  unsuitable   for, . 
301. 

—  Burfaca  preparation  for,  308. 

—  tanks,  carriers,  ic.,  (or,  810. 

—  technical  meantiig  of.  SCO,  830. 
■     "    ■  it  soil  (or.  30B. 
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lowering  of  ■water  levol  under,  37 

112;  Dmiting  L,  Appendix. 

monthly  raEnfall  ia,  'H. 

ODtilow  of  BowoTB,  liourlj,  ITO. 

temporaturo  of  bokots  of,  207. 

wtttur  Bnpply  of,  22. 

Lnodon  SclioDt  Bonnl,  >ir  space  rerjiiUod 

by,  in  Bchoola,  lOU. 
LoTegTove'a  street  golly,  2U9. 
Loire*!  grully,  208. 
Lnoii,  Mr.  J.,  horixoulal  nolU,  12>>. 
Lund,  Mr.,  sabioil  witter  antering  Bowem 

of  Bedford,  166. 

Uualeafield,   redaction   of    phtlilaia    by 

drainage  of  eabaoil  at,  19. 

wbU  in  new  red  BMidatone  at,  1 13 

Mashinory  for  raising  water  from  well^ 

130. 
"  M.  and  0."  prooeBBof  sowago  treatmunl, 

269. 
MiUria,  10,  II,  13. 
Hanchoater,  air  of,  4. 

prevonlioH  of  water  waito  in,  232 

rain/all  at,  23. 

water  fltHngs  at,  232  ;  AppenJis  K 

well  in  new  rod  aandatono  at,  113. 

SlanboloB,  172,  199. 

coveni,  200. 

MansBTgli'B  trap,  92. 

Hannal  power  and  mauhLnery  saitublii  for 

railing  water  from  walla,  130. 
Uanore  from  dry  olowta,  value  of,  102, 


176. 

Marlow,  Qreat,  weU  in  chalk  at,  116. 
Marahall,   Mr.    W„    on    the  partial  re- 
currence of  ague  ID  fi.iia,  16. 
Manh  gas  in  aewersi,  10. 

in  Boila  saturatoii  with  sewage,  8. 

Manlios  of  Italy,  nil-  of,  10 

Marshy  places  in  Sootlaiid,  air  of,  3. 

Raiorials  for  sowcrB,  190. 

Ualhor  and   Piatt's  boring  loaolunery. 


MoBSra.  Rawlinaon  and  Read'a  report 

outflow  of  sewerB.  hourly,  170- 

for  adoption  of  iatormittent 
filtration  at,  319. 

reiluction  of  phthiaia  by  drainage  of 

BubBoil  at,  iS. 
Bewngs-grown  vcgelnbtoB,  utte  of,  at, 

teroparature  of  sowage  and  effluent 

Bewago  vratei  at,  2^0. 
Meter,   Mr.  Deacon's,    for  dotootioa   of 

waslo  of  WBt<jr.  232;  Appendix  N. 
Meters  for  prirnte  Iioubcs,  233. 
AIotropoliB,  monthly  ralnlall  in,  24. 
Water  Act,  regulations  under,  332  ; 

Appendix  M. 
Metropolitan  Liodging  Housea  Aet,  air 

space  required  by,  106. 
Miasma,  natare  of,  la 
Middens,  99,  219,  22o. 
and  priiiofl,  pollution  of  walli  by, 

85,  4S,  «0,  110,  219.  237,  247. 
and  water-closet  towuB,  sewage  of 

i:amparod,  252. 
Middlesbrough,  inereaae  of  population  at, 

166. 
MUbum's  sludge  alter,  263. 
Minoe,  Injurious  chamctor  of  liquid  refuse 

from,  168. 
Minimotiic  mothod  of  aaalysiog  air,  12 ; 

Appendix  A. 
Mohair  and  alpaca  works,  pnriScation  of 

liquid  rofuSB  from,  335. 
Molesworth's  (onnuU  for  strength  of  iron 

pipes,  196.  [208. 

Morant,  Mr.,  OS.,  on  Alexandur's  gully, 
Morgan,  Mr.  H.  J.,  on  slopos  suitaU«  for 

inigation,  309. 
Morley,  Mr.,  on  suhaoil  water  admltt«d  to 

sewi'ra  of  Carlisle,  16G. 
MorreU'a  dry  closet,  100. 
Mortar  for  brick  BCwera,  190. 
Morton,  Mr.  J.  C,  on  cat<ih-« 

of  iirigation,  314- 

on  Heathcole  Farm,  305. 

Moser'a  dry  closet,  102. 

Motiire  [10  wor  for  raising  wliter  from  watla, 

127. 
Hunioh,  air  of,  5, 
Murray's,  Mr.,  G.E.,  table  showing  actual 

and    caloolated  discharge  of   e 
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Nswark,  AbyeBmiau  tuba  itea  al,  123. 
Newport  (Mon.)  njduction  of  denth-raW 

bj  dminago  o(  mibftoil  ot,  15, 10. 

increase  ol  populnlion  at,  160. 

New  red  saodalone,  cost  of  well  linking 

in,  114,  Ilti,  117. 

railoro  to  find  wnter  in,  113, 

lowfltiug  at  wnter  level  in,  3I>,  112  ; 

Appendix  B. 

qoality  of  water  from,  81, 113. 

jield  of  LoringB  io,  1  IS. 

Nawloa'a  Btrael  gully,  209. 

Niobole,  ProIesEor  (U.S.A.),  eiperiments 

of,  to  a«ert«in  tbe  air  of  Boiia,  8. 
Night-soil  muinroa,  fertiliaiiig  and  com- 
mercial Talae  of,  26t^ 
Nitrogen  in  comiuou  air,  1.  [8. 

in  air  of  soils  satoratod  with  avwage, 

in  air  of  Bowore,  10. 

Northunpton,  water  supply  of,  117. 
North  of  England,  winter  and  Bummor 

rainfaJl  in,  25. 
Northfloet,  Abyssinian  tabo  well  at,  123. 
Norwich,  prevention  of  water  waste  at, 

232  ;  Appendix  J. 

rainfaU  at,  23. 

Norwood,  sanitary  condition  of  district 

near  sowaged  lands  at,  34(i. 
Nottingham,  outllow  of  sswors  of,  bonrly, 

170. 
pail  sjslem  at,  321 ;  Appendix  L 

Old  red,  aandstone  as  a  aonroe  of  water, 

36,  112. 
OoUtie  strata,  quality  of  water  from,  117. 
Open  spaces,  air  of,  4. 
(nganio  msttera  pollating  air,  6, 
in  soils,  effect  of  decompositioD  on 

power  of  soils  to  pnrity,  T. 

Ontf^,    classilioatian    of     towns    and 

viUagas  according  to,  177. 
Ontlel  valves,  210 
Overcrowding  of  dwoUiDgs,  247. 
Overflows  for  stomi  waturs,  210.         [IS. 
Oxidation  resnlting  from  drainage  of  aoil. 
Oxygen  in  common  air,  1,  2,  3. 

soils  satnrated  witb  aowage,  S. 

water,  19. 

weight  an4  deiarlptlon  or,  I. 

Pdstam,  air  of  marshes  near,  1 1 . 

Pwl.cloSHtsyBtan,99,218,220,  225;  Ap- 
pendix I. 

lUmerston,  the  late  Lord,  improvement 
of  temperatoTB  by  drainage  of  soil,  16, 

on  snl)- irrigation,  65. 

Pane  and  gutter  system  of  sewage  dii- 
IribHtion,  313. 


Paper  mill,  liquid  rofuao  from,  107, 255. 
Paris,  air  of  sewers  in,  10. 

road  detritus  discharged  iata  SeiiM 

m  sewers  of,  161. 

sewage  farm  at  OeDuevilliMv,  'M7, 


-   Bolphate  of   alitn 


pn>coas    SI, 


Pirkos,  the  late  Dr.  E.A., 

d  hospitals,  6. 

air  required  in  dwelling  to  coontenut 

^tion,  lOU. 

carbonlo  acid  given  off  bj  an  adult 

m,  2. 
increasoot  temp«ntnje by dnunage, 


researches  of,  in  sanitary  auiene*, 

S66. 

water  required  by  an  adnlt.  21. 

— —  the  late  Mr.  Joaiah,  evaporation  of 

water  from  mil,  17. 
Parker's  dry  closet,  100. 
Patrioroft,  well  at,  113. 
Paul,  Dr.  B.  H.,  analysis  of  offiaent  tow- 
age water  from  Merthyr  flltiatioD  beds, 

329. 

report  on  roof  water,  41. 

"  Pea"  or  "  pin"  ferrole,  228. 

Penstocks,  201. 

Peters    and    Donald's  water-oloset  and 

water  waste  preventer,  TG. 
Pettenkofer,  F^fessor,   method  ol  uu. 

lyslngair,  13;  Appendix  B. 
quantity    of     nitrogenouB    matter 

escaping  from  leaky  seWBrs,  164. 
rise  and  fall  of  ground  water,  effecta 

of,  49. 

standard  of  impure  air,  12. 

Phillips,  Hr.  J.,  on  aevrer  velocities,  165. 
PbOBphate  Sewage   Company's  pr^eeM, 

279. 
Phthisis,  effeal<  of  damp  soil  on,  14, 15, 

49,  63. 
Pipes,  iron,  for  aewets,  19G  to  198,  199. 
farmulu  for  calculating  strength  of, 

195,  196. 
stene  and  earthenware,  thioknessof, 

191. 

Doolton's  cupped,  193. 

insufficiency  of  clay  joints  for, 

191.  [347. 

Jointing  mateiial  for,  65,  191, 

Stanford's  patent,  193. 

PlymoQth,  water  supply  of,  22.  [J. 
Pfjtation  of  air,  agenciea  oouDtaraetiu;, 
of  air  by  damp  boU,  13  to  16, 18,  H 

toBS. 
of  ahaUow  wells,  46,  219. 


^^^H^H                                                                                H 

^M            caWertB,  187. 

62,386. 
Hawlinaon,  Mr.  R.,  O.B..  adsancoment  of 

^M 

sanitary  science  by,  866. 

^H          wwngo  duo  ta,  lefi. 

mnnholB  arrangomenl  of ,  201. 

^M           Potto*  Edinburgh  sower  trap,  72. 

"  auggostions"  upon  sewerage  and 

^H           Precipitatitia    of   sewage,   chomiciLl,    61), 

drainagfl,  52,  173. 

^B              178,180,271,862. 

and  Bead's  report,  263,  268,  828, 

330.831,884,341. 

Preparation   of    land    for     inlennittent 

RawBon,   Mr.   0.,  natiTS  gnano   aewags 

filtration,  324,853. 

procoas,  272. 

irrigation,  308,  363. 

RedhiU  trap,  95. 

Redtniros  (Sheffield)  rainfaU  at,  24 ;  Ap- 

Pritch>rd,Mr., C.E.,  on  obarcoal  insoKer 

pendix  E. 

Privioa  and  coBapMlB,  60,  ISO,  217,  225, 

232;  Appendix  M. 

226,247. 

Regulator,   the   self-acting  sewage,  63, 

pollution  of  welU  by,  219. 

188,  839,  and  Appendix  H. 

^           prohibition  of,  in  towns,  219. 

ReBorvoir-eewers,  167,  184. 

^h         Prony's  fonnnla  fordischargeofeulyertB, 

Bichardaon  on  the  heating  and  ventila- 

H 

tion  of  dwellings,  104. 

^M         Public  Health  Act,  1876,  50,  61,  58,  5B, 

River  conscrvancioa  for  sanitary  parnosos, 

^M             175, 246. 

343. 

^M         PumpB,  119, 133,  129, 1S6. 

crossings  (sewers),  19fl,  198,  199. 

■ 

^H         Badcliffe,  Mr.  Notttm,  drr-claset  (jstem. 

not  oteanaed  by  lengthened  Sow,  36. 

V 

^H          Eastntiek     sewago     work ;       Ap- 

pollution, 351. 

pendix  H. 

as  a  source  of  domestic  water  supply. 

rosenrcliBS  ot,  in  Blnltary   acienco, 

33,44. 

365. 

Rain,  evaporation  of,  from  absorbent  and 

cation  of  hard  and  soft  waters  by,  46. 

^m              non-absorbsnl  soils,  2». 

constant  service  of  water.  229,  230. 

^^         quantity  absorbed  b;  soUs,  26. 

^^M          tWown  off  ab«oib«nt  and  non-absor- 

effect  of  froaen  condition  of  soil  upon 

^H            bent  EorfaceB,  29. 

sewage  disposal,  298. 

^m        water,  effect  of  mtiation  of,  39,  41, 

■ 

guard  against  polluted  water,  35. 

^H        vatcr,  quality   of,  "tieil  ooUected 

native  gnano  sewage  procese,  273. 

^B            on  roofs,  A«.,  30,  33,  41. 

^r        water  pipes,  objectionable  »a  aewor 

nat^  w^r,  35. 

^"              TentUatont,  70. 

Rainfall,  merage,  in  winter  aod  gnmniBr, 

304. 

26. 

results  ol  analyses  and  remarks  on 

depth   converled   into  tons,    cnbic 

quality    of      waters    from    different 

feat,  and  gaUoQs,  168. 

sources,  30  to  47, 108  to  118.  126  to 

^H          effect  upon  wells  of  modtum  depth. 

127. 

B 

seiiaged  lands,  844. 

^B            28. 

^H         yearly    and   monthly   in  differed 

towns,  268. 

dUtricU  and  countries,  22  ;   Appendix 

standards    of   purity    of    effluent 

E. 

sewage,  181,  265. 

Ram,  the  hydraulic,  133. 

Thamoa    and   Lm,   as   •otu-oea   of 

water  supply,  85 

^m              drainage  of  loil,  17. 

Rivers   Pollution    Prevention  Act,    59, 

^L         Rate  lor  water  in  coontry  districts,  109, 

ISO. 

H              24C. 

Road  detritus.  1G9,  206. 353. 

^m        in  towns,  22. 

t"^"" 

sewera,  160, 20«.                                "           ^^^ 

' 

428                                                                                      ^^^^H 

RonhdaJe,   pnil    Bjetem    at,    220 1    Ap- 

Sewage,  appliootion  to  lacil,  01,348, 25^    ^H 

voluo  of  msnurc  (Collected  bj  pail 

293.  299.  300.                                             ^M 

Byatem  at,  2C9. 

^M 

portions  compnTBd,  14. 

Rome,  lainfaU  at,  22.                         [268. 

103,  385,  286,  298, 303.                                  ^M 
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Witt,  Professor,  value  of  sewage,  256. 

Wolverhampton,  money  rosults  of  sewage 
application  at,  260. 

WooUen  and  cotton  mills,  liquid  rofuse 
from,  168,  255. 

mill,  purification    of  liquid  refuse 

from,  335. 
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Worthing,  roduction  of  phthisis  by  drain- 
age of  soil  at,  49. 
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WORKSHOP    RECEIPTS 

Use  of  Manufacturers,  Mechanics,  and  Scientific  Amateurs. 
By    ERNEST    SPON. 
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The  title  of  this  book  hardly  does  it  justice,  as  il  is  not  only  a  book  of  receipts,  in  the  usual 
senie  of  that  word,  but  it  contains  descriptioqs  of  some  processes  which  are  more  of  the 
nature  of  brief  treatises,  Arranged  in  a  simple  form,  it  is  easy  of  reference,  the  proportions 
are  distinctly  staled,  the  processes  clearly  described,  aad  many  a  /radf  stcr^i  will  be  found 
ncluded  among  the  3,000  receipts  in  its  pages. 


Cleaning. 

ColourwajbiQS,  or  Whitewashing. 

Concretes — For  Foundations,  Ma- 
sonry, Brickworit,  Hydraulic 
Work. 

Drawing  Otiice 

Dreine—Direcllons  and  Tult  deialts 
for  Dyeing  Silk,  Woollen,  or 
Cotton  Articles,  Blacks,  Browns, 
Clarets,  Blues,  Greens,  Dtabs. 
Fawns,  Stones,  Slates,  Straws, 
Buffi,  Creams.  Chamois,  Sal- 
Tnoni.  Reds.  Oranecs.  Yellows, 
Ambers.  Pfnks,  Roses,  Scarlets, 
Crimsons.  Purples.  Lilacs.  Laven- 
e  Colours,  Prepiia- 


This  Work  contains  Rtceipts  for 

ing.  Spirit  Vnraishing,  French 
Polishing ;  Directions  ror  Re- 
polishing. 

Gilding. 

Glass  Making. 

Glass  Cutting,  Cleaning.  Frosliog, 
Drilling,    Darkening,    Bending. 

Rlpncniinn    nnd   WntinD. 


I    for 


....  IS  colours.  Spirits.  Extracts. 

Mordants  and  Liquors. 
Elecao-MetaUurgy. 
Enamels  for  Polteiy,  Porcelain,  and 

Porcelain  Painting. 
EoEraling—WoDd,  Copper,  Gold, 

Silrer.  Steel,  imd  Stone. 
Etching. 
Firework    Making — Complete    d 

tails  ai  to  the  preparation  ai 

composition  of  every  descriptii 

o(  I^^nitcchaic  mixture . 
Fluxes  for  Melalturgical  aod  Other 

Foundry  Mijitures  —  Yellow-red, 
Common  and  Hard  Brsss.  Bri- 
tannia Metal,  Babbit's  Metal. 
Ailifidol  Gold,  Geiman  Silver. 
Stereotype  Metal,  Bell  Metal, 
Cock  Melal,  Queen's  Metal, 
L   Metal,    T^  Metal, 


P^cMe 


lelUre. 


Fulmi 


Fui 


Creams,  Oils,  Polishci, 
Lacquers  and  Pastes,  Timber 
Staining,  Washing.  Matching, 
Improving.  Pointing,  Imitations 
of  Woods ;  Directions  for  Sudn- 
ing,  Sidng,  Embodying,  Smooth- 


Stencilling,  and  Wnl 
Glass  Painting  and  Slai 
Glues  —  Manufacture  of  Common 

Glue,  Elastic,  Gutts-percha.  " 

able  or  Mouth,  Uquid  and 

rine  Glue, 
fjold — Amalgam. 
Graimng. 

Gtincotton,     GuD^wder,      Nitro- 

glyoetine.  and  Fulminates. 
Horn 


Indinrubber    Ce 
and  Solvents. 
Inks. 

Japans  and  Japanning. 
Lacquers  and  Lacquering, 
Ldlhing  and  Plasteiing. 

Lubricants. 
Marble  Working. 


Vanishes, 


Mori 


T  for  Buildini 


•■ainting  in  Oils,  in  Water  Col 
as  well  as  Fresco,  House,  Trans- 
patency.  Sign  and  Carriage 
Painting. 

Paper  Hanging. 

Paper  Making. 

Photography. 

Pigmenis— Preparation  and  Mnnu- 
faciure  of  Indian  Red.  Light 
Red,  Red  Lead,  Massicot,  Mi- 
■tium  Vemiilloii,  Caimine.  Test- 
ing Red  Lead.  LAKES  :  Deep, 
Blue,  Braiil  Wood.  Carminaied, 
Cochineal,  Gteen,  Lac.  Madder, 
Orange,  Red.  aad  Yellow. 
Wanes :  Alun,  Derbyshire, 
Mineral.  Newcastle,  Notlincham. 
Pearl,  Peruianenl  Spanish.  Lead, 
Chinese.  Creeks  :  Banh's,  Bre- 
men,      Brighton,       Brunswick, 


Chrome,  Emerald,  (iellarti.  Iris, 
Mountain.  Prussian, Sap,  Scheele, 
Vienna,  Manganese.  Ybllows 
Chrome.  King's,  Naplei.  BLUES 
Ultramarine,  Aiureor  Paris,  Co 
bolt,  Prussian.  Saxon,  Blacks 
Ivory,  Lampblack,  Blue  Black. 
<3chits.  Cake  Colours,  Metallic 
I'aint,  Anii  -  corrosive  Pjdnl, 
Bronie  Paint. 

Scouring  Fabrii!s. 

Slivering. 

Soap. 

Solders  and  Soldering. 

:mpering.  Hardening,  and  Gene- 
ral Tteaimcnt  of  Tools. 
Treating  Horn  and  Mother-o'-Peari 
imishes— Buildings  necessary  for 
a  Varnish  Manufactory,  erecting 
and  fitting  ;  Set,  Gum,  and  Boil- 
ing Pols  r  Boihng  Unseed  Oil, 
Mnking  VojDish  on  a  small  si^e ; 
Cop,il,  Virgin  Copal,  Cooch- 
_. .,..__.      Varnishes,     Wainscot 


Pale  Amber.  Brunsw|(^  Black, 
Spirit  Varnishes  of  erery  detcrip- 
tion :  Fumitnte.  Picture,  Photo- 
napbers'.  Transfer,  Gold,  aad 
Leather  Varnishes. 

Veneering. 

Washing  and  Scouring. 

Waterproofing. 

Welding. 

Whitewashing. 

Besides  Receipts  relatiBg  to  the 
laser  Tecbnologieal  matlen  and 
processes,  such  as  the  manufac- 
ture and  use  of  Crayons,  Paste, 
Putty,  Wai,  Sijc,  Alloys,  Caigul, 
Picture  Frame  iind  Architectural 
Mouldings.  Compos.,  Cameos, 
Galvaniiing  Iron.  Tinning, 
Eoamelliag    Slate,     and    others 
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Principal  Engineer  of  the  General  Land  Drainage  and 
Improvement  Company. 
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THE    SEWAGE    QUESTION. 

Letters,  with  Appendix,  explaining  shortly  the  several  processes  tiiat 
have  been  adopted  for  the  Treatment  and  Utilization  of  Sewa^,  *rith 
special  reference  to  the  selection  and  preparation  of  Land  for  Irrigation  and 
for  the  Intermittent  downward  Filtration. 


THE    STORAGE    OF    WATER. 

Rf -printed  Papers,  with  Additions. 
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Its  Development  and  Maintenance. 
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New  Formula  for  Mean  Velocity  of  Discharge  of  Rivers  &  Canals. 
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Hr  Sp'i^  I 


NOTICES    OF 
(hais,  K.E.,  OB  |£t  nan 


ix 


hydrcutbcD 


tioD  of  Kntiiuan  ihauld  u  ieait  publiih  an  abiuut,  it  no 
inBilaiOFUi  MiUulier  could  be  totiod  la  pmcni  Eofliih 
(nriaeen  with  lb(  whole  waik. 

■hal  the  dulir  ol  InoiIuiaD  hu  been  uniaud  by  in  en- 

eniablir  annpewni  uid  inunroRb)'. 

■' —  revemicQ  wtin  which  Eoo  pumr  °^  f*^'  so-cailcd 
lb  etvioeen  record  ihe  ddaetuai  of  old  autborLdea 

^ psitKular  brudi  of  udeoce,  and  we  nwy  new  the 

sore  propvrLr  take  occatloji  to  itau  thai  we  cowdar  th* 
prvKni  woHt  CD  be  a  ipedfic  against  iaFecIiDD  from  ihcie 

^fiful  readiiig  of  ihe  whole  work  wilJ  prorc  moal  iqluable 
uj  KvdenU.  aul  intBratins  lo  alL 

"The  Bii-ii  convenleni,  aod  cooMqueptly  Ihe  moii 
f  eDeiilly  eaployeJ.  foiauW  lot  the  flow  of  waiei  in  open 
i±kaaueli  arc  of  the  foEQ 

when  p  ia  the  B^d  velocily,  r  ihe  hydraulic  mean  ilepcb, 

Hrimeatil  coeffideDC^    ^otr,  in  a  [iven  cbaaneL,  and  with- 

of  iha  water,  the  vaLua  of  t  fcmaini  praaLCaUr  conttant, 
and  it  haa  bc«B  bio  loo  eoiaaiQaly  aHunud  that  it  will 
•unilady  nmain  couuni  wheo  appUid  w  other  channala 
widely  dlflenni  ip  Kclion  mid  fall.  Thui  in  Beaidoiore'a 
labia.  as( nlua of  c doci  duly  (brail  the caaet uhulaled, 
mil  th(  author  lu4  ukEd  (sre  10  BNi^  IbU  the  Bimc  vjilue 
wSl  applv  to  tata  ouliide  ibc  linhs  if  hl>  lablei,  unci  he 
Miya  ihe  laoier  may  be  readily  flitcwied  if  it  be  rtmembarcd 
thai  to  get  double  (he  ducharn  you  require  four  timefc  the 
fall,  and  u  on.  What  yev^ariahorioui  research  have  been 
watted  m  the  past,  and  would  hea|Nnd  io  the  fulrire.  were 
— ''  -n  uauupuon  only  approainul^y  tme  '     Bui,  un- 


happiTr  jl  it  abiml  u  u 


of  Kuiter".  ijSe.  and  diajraau  ^ihow-  ■  « 
thai  Aithta  the  practical  limila  aaaumed  ■□  th 

ha  fcadUy  teen  that  die  ataunpiion  of  a  cdqbi 


'"ntbsllfaatlhe  eiwion  of  the  bad 
Iho  worlct  of  the  Qaagta  Caaal  were  t 
placad  by  Colonel  Ouiley.  R.E..  io 
BJ^arity  oT  the  Eniliih  cngiDeen  of  th 
cily-fbnaula  of  Oobdual,  which  purm 

~"-'- ily  mUlaadinf.  It  a  proof  o( 

thai  aitadhei  to  a  ihorgu^l 


_____ !*"& 

aidcnida  ^nutuda  u,  therefore,  due  id  the  enierpnse, 
whether  ii  be  that  of  the  author  or  that  of  Ihe  pubhther, 
which  hailed  IO  Ibe  puhUcalioD  sf  a  booli  which  must  have 
been  »  ceatly  u  print  aa  Kulier'i  '  Ky<!>aulic  Tablet.' 
whidi  an  niindueed  in  ■  clear  and  intalUiible  farn  by  the 
tiaulalion  of  Mr.  Jackwti.  The  public  aildieiied  bytucb 
1 : .  1 1 .1. Hi.  :.  i.^  jp  ioditpem- 

>f  the  Aiaet^can 
41  of  a  tabulated 


'S?.' 


isOQOf  ci(ilty-fivemei . — ^ 

.  ii  appcara  That  the  fcnnull  of  D'Arey  ana 
ridttet  wiihin  4  per  eanl.  of  Ihoie  aenully 
X  tHe  (orinnla  of  Cheiy-Cytelvcio  givet  a 


*q(  tG'?.' " 


1  lebeiiy  of  iBt,  «■  «|» 

* a  (ornmla  it 

'iti^>pjand 


u  oT  the  How  of  Che  Uitti 


ha«e  abare  uated,  dul  the  appllcallai  of  such  a  formuta 
■he  finw  of  waier  under  oihvr  csnditiDna  ii  entlrrly  oui 
Ihe  qiieMiDD.  The  nibject  it  of  too  technical  a  nature  I 
ui  further  to  pnnue  j  but  w>  art  able  thorou^ly  to  rtto 
taend  the  boA  :  nd  ihK  Ibc  nor*  *•  bacauta,  ia  apiit 


Great  Brit^i 

ii'gicS'a'p; 


J-eK".' 


hheenKia«. 
beiaiCTlDDi; 


which  appeared  in  1^70,  waa  iniaedlaKly  irantlaled  iolo 
riench.Dntch,  and  Italian.  En^lith  engineett  are  indebted 
ID  Mr,  JackiDD  fdr  the  manner  m  which  he  hai  Inoalaled 
LI  LDto  theirow«pjiigue.''^,1fdtn^mifr,  ,  . 

"  ThU  Irarulatiod  will  be  of  intereii  to  all  enAoesn  UI 
India  who  at*  bmilEar  with  the  laric  work,  "Hydnulic 


la  leara  uMoihiac  of  u, ^  „ 

'        ■    '        'calatidg  diacharget  of  water 


rfT^^fa^ 

'-thewl/lnut- 


hatb^nm^lyH^edM.'"!  til*bM^dn}iind*vtf 

ull^uippl  dawD  ID  tHtichei  a  few  inches  wide,  with  in- 

ticrp  etadietit  of  Swisa  turrenis;  and  albnvanee  it  made 
lor  every  naienal  efturfaca,  from  tmootb  eurbatonc,  plkfifld ' 
and  unplanod  ti'pher,  rubble,  eanh.  and  frata-covcnd  and 

the  rormufa  la  bo  appUod  in  practice  in  mattical  laeavret, 
with  the  feast  aoouni  of  work  t  the  diairam  amwen  tlv 
isme  purtHne,  ho^  for  netrical  and  Ibr  Gnglah  measufct. 

meaiurea  haviDe  been  abtady  fuUy  carried  out  in  ttr-  Uiwia 
JackMU  I  >  KydtauUc  HiDVal,-  this  Dauklkn  niay  be 
conndered  aaa  useful  adjunel  ID  it 

"Vfe  need  hardly  add  Ihal  parftct  cnnAdoace  bh  ha 
placed  In  Ihii  lecatt,  aa  well  aa  mnslatlon.  of  wuor  th* 
IDD11  important  worlis  on  Hydraulic)  ol  igadem  Hoei  j  Out- 
tradslator'a  10B|  upcrieiiaeea  GaaaU  mi  ttt^i  irf  in||p 
tion  in  Northara  ud  Southern  India,  ■*  wall  aaii  South 
Amerio.  i^  Kn^land,  and  on  [be  Caatinenl -being,  in  bc.i, 

noviaca  af  Barar 


of  the  ptoviaci 


bi  iingaiias,  rtadBtko: 


^n5^° 


added  some  perfecdy  new  CDBveruon  tablet  and  othei 
mailer  10  11  which  rtader  it  useful  «»  ■  boolt  of  lefaaBEO 
on  wdshti  and  mevure>."-.;4//n'i  /mSai,  Mail, 

"■The  New  Fomula  for  Mean  Velocity  of  Discharge  of 
Riven  and  Canalt,'  it  an  Ecalisb  translauon  by  Mr  Lowil 
Jidsun,  A.1,CK.,  (nHnaaRBan  work  by  BeiF  Kutltb 

Dut  CDunltyiBen  have  kaplllHltadDf  silver  oadootlaryetit 
patt     EveD  the  prat  field  which  India  has  offered  (o  out 

engineera  seeuu  in  Ihit  retpect  to  have  been  but  indifferently 

defectiTe  at  nisiaked  fDethodt.    The-  new  Aimda  ebima  to 

tcieiKe  in  the  future,  and  ihe  claim  is  certainly  supported 
by  the  gnad  optniont  of  toma  caperinuad  jowu  in  ihi^ 
country,  at  well  aa  in  others,  not  forgeiiing  Mairaa  " — 
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(«r  Gallon  equlvalenl  to  prices  per  Ton  at  16  different  Weights,  from  £i  10  iioo  ;  Cont 
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